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Description

[0001] The currentinvention relates to a method for producing a Nano-in-Micro (NIM) encapsulated siRNA dry powder
according to claim 1. The invention further relates to a powder comprising Nano-in-Micro encapsulated siRNA according
to claim 12. The invention further relates to a use of a powder composition or blend according to claims 15 and 16.
[0002] Application of drugs directly to their site of action is the optimal way to reduce doses and side effects. For lung
diseases such as asthma, pulmonary delivery is therefore favored. [1] With a relatively low enzyme activity and a slow
surface clearance [2], enzymatically prone substances are perfect candidates for this administration route. In addition,
dry powder inhalers enable the delivery of drugs with a high shelf life and also provide an easy to use tool for patients
along with high compliance. [3] Despite several available treatments for lung diseases, gene therapy is a promising new
tool to address uncontrollable disease variants such as severe, uncontrolled asthma, but also particularly viruses for
which no antiviral compounds are available. Knowing the genome of the virus is sufficient to develop nucleic acid based
therapeutics that can inhibit viral replication. [4] Small interfering RNA (siRNA) can silence the translation of messenger
RNA into pathologically upregulated proteins and diminish disease symptoms. [5] However, siRNA therapeutics face
several challenges associated with the delivery into cells and enzymatic stability. To address these issues, nanoparticles
are preferred to protect and encapsulate siRNA. Numerous vehicles are reported in literature to achieve uptake and
transfection of cells with siRNA. [6] However, the only clinically approved siRNA drugs target the liver, and pulmonary
delivery is still in the future. [7, 8]

[0003] Cationic polymers are one class of nucleic acid nanocarriers amongst which polyethylenimine (PEIl) is the most
studied one. However, the use of PEl is limited due to its cytotoxicity profile. To overcome toxic characteristics of PEI
the applicant has developed copolymers of PEI with better safety profiles. These copolymers combine the nucleic acid
condensation and protection efficiency of PEI but also the transfection and stability effects of polycaprolactone (PCL)
and polyethyleneglycol (PEG), respectively. It was shown that these copolymers of PEG-PCL-PEI (PPP) or Transferrin
conjugated polyethylenimine (Tf-PEI) can form so called polyplexes with nucleic acids in the nanoscale by electrostatic
interaction and successfully transfect cells in vitro and in vivo [9-11]. In order to deliver these nanoparticles to the lung,
incorporation into microparticles with aerodynamic diameters between 1 and 5 um is required. The matrices of these
microparticles need to consist of excipients which readily dissolve upon impact on lung lining fluid and release their nano
cargo. [12] The use of water soluble substances is hence required.

[0004] Lipid nanoparticles are a different class of nanocarriers. Nano-in-micro encapsulation of siRNA on the basis of
lipid nanoparticles is especially interesting, since these carrier systems have recently received a leap in popularity due
to the advancements resulting from the development of COVID 19 vaccines. Additionally, lipid nanoparticles have the
advantage of having a well-defined structure, both interiorly and on the surface. They further exhibit mono-dispersity.
These features are advantageous in several ways, especially when considering the requirements of clinical trials and
approval processes. Finally, the use of lipid nanoparticles as a carrier is advantageous because with the already clinically
approved substance Onpattro® and the respective Onpattro®-formulation being available, approaches making use of
Onpattro® and derivatives therefrom are expected to receive clinical approval more conveniently.

[0005] A known technique to produce such Nano-In-Micro (NIM) particles is spray drying. It is a widely applied method
in food, cosmetic, chemical and pharmaceutical industry and allows gentle drying of small droplets. [13] In addition, it is
much faster and less time and energy consumptive than spray freeze drying which is also used for the production of
inhalable dry powder formulations of siRNA therapeutics. [14] However, as spray drying applies heat to samples, the
process might degrade or inactivate siRNA and/or the nucleic acid nanocarrier, such as PPP or Tf-PEI. [12] As the
absolute and relative amount of bioactive siRNA in a dry powder formulation and its reliable reproduction, in particular
in large scale applications is a critical parameter not only with respect to the pharmaceutical approval process but also
with respect to the economic production of such dry powders and pharmaceutical compositions, itis important to establish
a spray drying process and a resulting dry powder, that exhibits the desired geometric properties of particle size and
distribution with a reliably high percentage of successfully encapsulated and bioactive siRNA.

[0006] Foranano-in-micro encapsulation of mMRNA based on lipid nanoparticles, the use of spray drying was previously
only successful if a further encapsulation or stabilization with a polyplex or polymer was carried out prior to spray drying,
as described by US 2020/00022921 A1. However, the use of polyplexes or polymers additional to lipid nanoparticles
not only renders the method more complicated but also hampers clinical approval.

[0007] Therefore, the aim of the invention is to suggest a method for producing a dry powder comprising bioactive
nano-in-micro encapsulated siRNA with high quantity and integrity, leading to a high degree of redispersability of the
siRNA nanoparticles.

[0008] This problem is solved by a method according to independent claim 1 for producing high yield Nano-In-Micro
(NIM) encapsulated bioactive siRNA dry powder comprising the steps of:

- Providing an aqueous suspension comprising polyplexes, in particular polyelectrolyte complexes, formed from at
least a polyamine, polyamide and/or polyester and siRNA, wherein the polyplexes are encapsulated into water
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soluble excipients, in particular highly purified water and/or sugar alcohol and/or sugar or providing an aqueous
suspension comprising lipid nanoparticles, in particular the Onpattro®-formulation, formed from at least an ionizable
cationic lipid, a helper lipid, a pegylated lipid, cholesterol and siRNA wherein the lipid nanoparticles are provided
with and/or encapsulated into water soluble excipients, in particular highly purified water and/or sugar alcohol and/or
sugar;

- spray drying the aqueous suspension using a spray drying apparatus, preferably a Blichi B-290, by feeding the
aqueous suspension to a spray drying atomizing nozzle and subjecting the atomized droplets to a heated gas stream
of a carrier gas, preferably dried and cleaned air, in particular through a multicomponent atomizing nozzle for both
the suspension and gas and atomizing gas;

- collecting a spray dried powder in an accumulation means of the spray drying apparatus, characterized in that, the
temperature in the vicinity of an outlet opening of the spray drying apparatus, in particular an outlet opening connecting
a spray drying chamber with the accumulation means, during feeding of the aqueous suspension to the nozzle is
controlled by temperature controlling means to be limited to an upper threshold temperature which is equal to or
below a melting temperature of naked siRNA.

[0009] The basic idea of the invention relies on quantification of siRNA upon polyplex and/or lipid nanoparticle redis-
persion after spray drying depending on spray drying parameters, especially controlling the outlet temperature, and on
preserving nanoparticle characteristics of spray dried materials. It was found that the outlet temperature plays animportant
role for reducing the loss of bioactive siRNA even though the temperature of the inlet, which may also be monitored and
which is normally the temperature that is limited to thereby control the outlet temperature is significantly higher.

[0010] Surprisingly, outlet temperatures that were above the temperatures for which the respective naked siRNA was
known to melt, led to significantly increased loss of bioactive or functional siRNA after spray drying and possible redis-
persion compared to results obtained by the use of lower outlet temperatures. The outlet temperature is, as a rule of
thumb, similar or slightly above the temperature that a powder or dried solution/suspension is heated to during known
spray drying processes. However, it is surprising that even when combined with a polyamide and/or polyamine and/or
polyester and/or lipid nanoparticles and encapsulated into a matrix of water soluble excipients, the siRNA is neither
thermally shielded nor chemically stabilized during the spray drying to a significant or measurable degree, being reflected
in an outlet temperature above the melting temperature of the naked siRNA that would not lead to significantly increased
losses of bioactive siRNA after the spray drying. It is especially advantageous that by the inventive method dry powder
compositions were generated that exhibited the particle size distributions which are necessary for pharmaceutical use,
especially pulmonary delivery.

[0011] Even more surprisingly, the inventive method made it possible to spray dry a lipid nanoparticle based Nano-
In-Micro (NIM) encapsulated bioactive siRNA dry powder by spray drying without the additional encapsulation or stabi-
lization of the system or suspension by a further polymer or polyplex as disclosed by US 2020/00022921 A1. In other
words, this means that the method step of providing an aqueous suspension comprising lipid nanoparticles does explicitly
not include adding a polymer or polyplex into the suspension.

[0012] There are numerous advantages of the inventive method for nano-in-micro (NIM) encapsulated bioactive siRNA
dry powder based on an aqueous suspension comprising lipid nanoparticles. The lipid nanoparticles enable a physical
and/or geometrical encapsulation of the siRNA, making the shielding of the siRNA more effective. Additionally, the mono-
dispersity and approved formulations of lipid nanoparticles allow an easier clinical approval of similar siRNA drugs.
Altogether, the lipid nanoparticle carrier system enables a very well defined system for the nano-in-micro (NIM) encap-
sulated bioactive siRNA dry powder.

[0013] Mannitol can be used as a sugar alcohol. But other sugar alcohols are equally suitable candidates. Trehalose
and/or lactose can be used as a sugar. Again other sugars can be used as well. As described below, currently certain
sugars and sugar alcohols seem to be promising candidates for polypex and lipid nanoparticle approaches, respectively.
However, other water soluble excipients with different sugars and/or sugar alcohols or different compositions are under
investigation.

[0014] Itis an advantageous embodiment of the invention to control temperature in the vicinity of an outlet opening of
the spray drying apparatus or the outlet temperature or upper threshold temperature to a value that is within a range of
5°C, in particular in the range of 3°C, under/below the melting temperature of the respective naked siRNA.

[0015] According to a further advantageous embodiment of the invention the upper threshold temperature or outlet
temperature is set to 90°C, in particular 80°C. For different siRNA sequences this is a temperature that allows high yield
of bioactive siRNA while reaching the low residual moisture and a desired particle size and size distribution of the dry
powder. This upper outlet threshold temperature is especially advantageous for aqueous suspensions comprising poly-
plexes.

[0016] Inafurther embodiment of the invention, the upper outlet threshold temperature is limited to 63+2°C, preferably
to 51x2°C, especially to 41+2°C. These upper outlet threshold temperatures are especially advantageous if an aqueous
suspension comprising lipid nanoparticles is spray dried. Surprisingly the residual moisture after spray drying at such
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low outlet temperatures were low enough to form a stable dry powder with an acceptable shelf life.

[0017] According to a further advantageous embodiment of the invention, the mass ratio of siRNA to a sugar and/or
sugar alcohol is between 0,001 % and 0,02%, in particular for aqueous suspension comprising lipid nanoparticles. The
mass ratio of siRNA to a sugar and/or sugar alcohol is important for at least two reasons. On one hand a high ratio is
desirable so that the amount (especially mass and volume) of the resulting dry powder that incorporates or contains a
certain amount of active siRNA is low. This is desirable not only from a production viewpoint but also from a medical or
pharmaceutical standpoint because the lower the ratio of siRNA to a sugar and/or sugar alcohol, the higher the dose of
dry powder that is to be administered or redispersed from dry powder for administration. On the other hand, the research
leading to the current invention seems to indicate that the ratio of siRNA to a sugar and/or sugar alcohol in the aqueous
suspension seems to have a so far unknown or unexplained effect on the ability of the inventive method to produce a
dry powder with a high amount or percentage of active siRNA.

[0018] Especially for an aqueous suspension comprising lipid nanoparticles the above identified ratio or range of said
ratio has surprisingly allowed the successful spray drying without the need to further encapsulate the lipid nanoparticles
with polymers or polyplexes, which makes the method very attractive for large scale and industrial applications, since
without the need for further stabilization through polyplexes or polymers the method can be executed more easily and
benefits even more from the well-defined nature of the lipid nanoparticles in contrast to the less well defined nature of
polyplexes and polymers. Additionally, the formulation can be kept simple for a straight-forward approval process, and
the use of excipients can be reduced.

[0019] In a further useful embodiment of the invention, the aqueous suspension is fed to the nozzle through a low
abrasive tubing material, in particular a low abrasive silicon based tubing material, especially Pumpsil ®. It was surprisingly
found that the tubing material has a significant effect on the amount or percentage of bioactive siRNA in the spray dried
powder. In particular, if the temperature is controlled as given above and the aqueous suspension is fed to the nozzle
through a low abrasive tubing material, the losses of siRNA can be reduced to less than 10% of the siRNA content, i.e.
less than 10% of the mass of the original siRNA used, especially less than 5% of the siRNA content or mass. It is
especially advantageous, that the low abrasive tubing material has no negative effect on the spray drying method and
the resulting dry powder.

[0020] According to a further advantageous embodiment, the spray drying is performed using an atomizing gas that
is fed to the atomizing nozzle, preferably nitrogen, and a heated carrier gas, preferably dry air, that is fed to a spray
drying chamber of the spray drying apparatus. Those gasses can be filtered for dust and particle removal prior to feeding
them to the atomizing nozzle or spray drying chamber, respectively.

[0021] In a further embodiment of the invention an additional drying step is carried out, in which a carrier gas is fed
through the spray drying apparatus, especially the atomizing nozzle, without being mixed with aqueous solution or
suspension and preferably while the spray dried powder has already been transferred to the accumulation means.
Although it is advantageous to provide the carrier gas to the spray drying apparatus in the same way as during the actual
spray drying process, because the process and apparatus do not need to be adapted to perform the respective process
step, the carrier gas for the additional drying step can also be fed through the spray dried powder by different means,
for example a separate nozzle or the like.

[0022] The additional drying step or the additional spray drying step reduces the residual moisture without harming
the polyplexes and/or the siRNA and thereby increases the fine particle fraction (FPF) of the powder. This again is
advantageous for the delivery to cells and the resuspension of the polyplexes and/or lipid nanoparticles.

[0023] The additional drying step is especially useful for spray drying aqueous suspensions comprising lipid nano
particles. As indicated above, lower threshold temperatures are advantageous for those systems. Accordingly, the
additional drying step can especially help to reduce the residual moisture in such powders, particularly when amorphous
powders are obtained.

[0024] In another preferred embodiment, the additional drying step is carried out with the temperature in the vicinity
of the outlet opening being controlled by temperature controlling means to be set to an upper threshold temperature, in
particular an upper threshold temperature of which is equal to or below a melting temperature of naked siRNA, especially
within a range of 5°C, in particular in the range of 3°C, below the melting temperature of the respective naked siRNA.
In other words, the additional drying step can be carried out at the same temperature as the spray drying itself. This is
especially advantageous as this reduces the amount of process variables or method parameters of the spray drying
method. Thus, the additional drying step can be carried out by keeping the carrier gas running for an additional time
period after the aqueous suspension has been fed through the atomizing nozzle, in particular without changing the carrier
gas temperature. In a preferred embodiment the volume flow of the carrier gas also remains unchanged during the
additional drying step. The additional drying step may take place directly after spray drying the aqueous suspension
containing the siRNA. Alternatively, the spray drying may also comprise a method step, in which after the spray drying
of the aqueous suspension an intermediate solution or suspension, such as RNase free water is performed, in particular
for a time period of 1 to 5 minutes, before the additional drying step is performed.

[0025] It is further preferred if the additional drying step is carried out until a residual moisture of less than 3%, in
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particular less than 2% is reached. This leads to a longer shelf life of the resulting dry powder.

[0026] It was further found that the siRNA was preserved in a bioactive state to a very high degree during the additional
drying step, when polyethyleneimine-graft-polycaprolactone-block-polyethylene glycol (PEI-g-PCL-b-PEG or PPP)
and/or a bioconjugate of polyethylenimine with peptides or proteins such as Transferrin conjugated polyethylenimine
(Tf-PEI) was used as polyamine. This is especially advantageous, because the Tf-PEl is a polyamide that is very
promising to target T-Cells with the respective dry powder. PPP is advantageous due to its low cytotoxicity.

[0027] In an advantageous embodiment of the method for spray-drying an aqueous suspension comprising lipid na-
noparticles, the ionizable cationic lipid was an MC3-like lipid.

[0028] In a further embodiment the helper lipids where chosen from the following group of lipids : 1,2-distearoyl-sn-
glycero-3-phosphocholine (DSPC), 1,2-dioleoyl-3-trimethylammonium-propane (DOTAP), and 1,2-distearoyl-sn-glyce-
ro-3-phospho-(1’-rac-glycerol) (DSPG). They were used to enable formation of LNP-siRNA systems with near neutral,
positive, and negative zeta potential, respectively.

[0029] In a further advantageous embodiment the pegylated lipid can be PEG-DMG

[0030] The above aim is also achieved by a powder containing bioactive siRNA in the form of polyplexes, in particular
polyelectrolyte complexes, formed from at least a polyamine and/or polyamide and/or polyester and siRNA or in the
form of lipid nanoparticles formed from at least an ionizable cationic lipid, a helper lipid, a pegylated lipid, cholesterol
and siRNA, wherein the polyplexes are encapsulated into water soluble excipients, in particular mannitol and/or trehalose
and/or lactose, preferably with aerodynamic diameters (MMAD) between 0,5 and 10.m, in particular 1 and 5pum, wherein
the powder is produced according to the method described above.

[0031] For the dry powder containing bioactive siRNA in in the form of lipid nanoparticles formed from at least an
ionizable cationic lipid, a helper lipid, a pegylated lipid, cholesterol and siRNA, it is worth mentioning that this powder
does not include a polymer or polyplex, as the dry powder is spray dried without such polyplexes or polymers.

[0032] For the dry powder containing bioactive siRNA in in the form of lipid nanoparticles formed from at least an
ionizable cationic lipid, a helper lipid, a pegylated lipid, cholesterol and siRNA, the mass ratio of siRNA to sugar and/or
sugar alcohol is preferably between 0,001 % and 0,02%. Preferably the mass ratio is at least 0,004%, especially at least
0,01%.

[0033] According to a preferred embodiment of the invention, the powder can be resuspended in water to polyplexes
or polyplex suspensions or lipid nanoparticles or lipid nanoparticle suspensions which are not significantly different, in
particular which do not vary more than +/- 10%, from their initial formulation before spray drying in regard to size,
polydispersity and zeta potential. This embodiment allows for an efficient uptake of the powder into cells. Thus, the
inventive powder does not show significant agglomerates after resuspension that would lower the percentage of poly-
plexes that can potentially be absorbed by cells.

[0034] The inventive powder allows a long shelf life due to the low residual moisture. Moreover, the powder comprises
a high amount or high yield of the initially provided siRNA in a bioactive state, thereby allowing an effective production
of siRNA powder. Since the bioactive siRNA content is reproducible, the powder is an excellent platform for pharma-
ceutical registration process for nucleic acid based drugs.

[0035] According to a preferred embodiment the polyamine of the encapsulated polyplexes is polyethyleneimine-graft-
polycaprolactone-block-polyethylene glycol (PEI-g-PCL-b-PEG or PPP) and/or bioconjugates of polyethyleneimine or
polyspermine with peptides or proteins such as Transferrin conjugated polyethylenimine (Tf-PEI). Those polyamines
are promising candidates for a pharmaceutical use of the dry powder.

[0036] In a preferred embodiment the particles exhibit a spherical structure.

[0037] The above aim is also achieved by a use of a powder composition or blend comprising at least a powder
disclosed above as a pharmaceutical dosage form, in particular for pulmonary delivery. In this respect it is especially
advantageous that the spray drying process results in a particle size and size distribution which is suitable for pulmonary
delivery.

[0038] The above aim is also achieved by a use of a powder composition or blend comprising at least a powder
disclosed above wherein the siRNA is active in silencing the translation of messenger RNA into proteins causing lung
diseases.

[0039] Inventive and comparative non-inventive embodiments will be described in more detail below. The inventive
embodiments are only special examples of the technical disclosure:

Materials and Methods

[0040] Examples and Embodiments on the basis of aqueous suspensions comprising polyplexes:

Double stranded siRNA targeting green fluorescent protein (DsiRNA EGFP 1) (siGFP) and scrambled nonspecific control
(siNC) are available from IDT (Integrated DNA Technologies, Inc., Leuven, Belgium). The invention will be described in
more detail with respect to those siRNA specimens. However, the invention is not limited to the use of such siRNA.
Other siRNA may be used, especially for pharmaceutical uses.
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[0041] Hyperbranched polyethylenimine (PEI) (25kDa) is sold by BASF (Ludwigshafen, Germany). Hetero-bifunctional
polyethylene glycol (HO-PEG-COOH, 2.5 kDa) is produced by JenKem Technologies (Plano, TX, USA). e-Caprolactone,
Heparin from porcine intestinal mucosa (H3393, >180units/mg, grade I-A), picrylsulfonic acid (TNBS) (P2297), TRIS
EDTA Buffer Solution 1x (TE-buffer) (93283), TRIS EDTA Buffer Solution 100x for NGI analysis (T9285), tris borate
EDTA buffer (TBE-buffer) (T 3913), RPMI-1640 Medium (R8758), fetal bovine serum (FBS) (F9665), Penicillin-Strep-
tomycin (P/S) (P4333), G 418 disulfate salt solution (G8168), Dulbecco’s Phosphate Buffered Saline (PBS) (D8537)
and D-Mannitol are available through Merck KGaA (Darmstadt, Germany). D(+)-Trehalose dihydrate (28719.290) was
acquired from VWR International GmbH (Darmstadt, Germany). Black and white 96 well plates (10307451), GeneRuler
Ultra Low Range DNA Ladder (10400280), SYBR™ Safe™ DNA-Gel staining and polyacrylamide gels (Novex™ TBE
Gels, 4-20%, EC62252BOX) are sold by Fisher Scientific (Schwerte, Germany). SYBR™ Gold dye was obtained from
Life Technologies (Carlsbad, CA, U.S.A.). Pumpsil® tubings from Watson-Marlow GmbH (Rommerskirchen, Germany)
were used and had an inner diameter and a thickness of 1.6 mm.

Polyamine synthesis

[0042] Synthesis of the polyethyleneimine-graft-polycaprolactone-block-polyethylene glycol (PEI-g-PCL-b-PEG or
PPP) polyamine can be performed as previously described. [24] This document as well as EP 3 277 743 A4 and WO
2008 151 150 A2 are incorporated by reference as part of the current disclosure. In brief, the triblock copolymer of
polyethyleneimine-graft-polycaprolactone-block-polyethylene glycol (PEI-g-PCL-b-PEG) (PPP) was synthesized by cou-
pling the heterobifunctional diblock copolymer acrylated-PCL-b-PEG-alkyne to PEI. Characterization was performed by
THNMR and UV Spectroscopy as described before [10].

[0043] The Transferrin conjugated polyethylenimine (Tf-PEI) was synthesized in accordance with the disclosure of
[24a] as well as US 2002 013 767 0 A1, which are also incorporated herein by reference.

[0044] Other possible polyamines can be incorporated into poly(urethanes), poly(ureas), poly(acrylamides), po-
ly(amides), poly(esters) or poly(aminoesters). Spermine is a biogenic polyamine, consisting of two primary and two
secondary amines, found as a polycation at all pH values. Spermine-based polyacrylamides can be synthesized via free
radical or living radical polymerization (e.g. RAFT) of the (meth)acrylate of an active ester of acrylic acid and post-
polymerization with a spermine-species or directly via polymerization of an acrylamide consisting of spermine. Such
polyamines are preferred, since they are biodegradable and biocompatible.

Polyplex preparation

[0045] Stock solutions of siGFP and PPP were prepared with a concentration of 100 wM and 1 mg/ml, respectively.
Polyplexes were prepared with a total amount of 30 png of siGFP. Therefore, the amount of PPP (mpg) in ng was
calculated as follows:

Myicrp

Mppp = (17950,36 g/mol

) .43.1-N/P (Eq1)

[0046] The calculated amount of PPP was diluted up to 250 plL in a specified solvent (highly purified water (HPW),
trehalose or mannitol 5 or 10%) and 250 u.L of the same solvent containing 30 g siGFP was added. To allow polyplex
formation, the mixture was incubated for 10 minutes. Then, 4500 p.L of the same specified solvent was added and the
polyplex suspension was incubated for another 10 minutes.

Adsorption to tubing material

[0047] In order to reduce adsorption of polyplexes by tubing material during pumping through the respective tubing,
different tubing materials were washed prior to experiments with pre-heated HPW and allowed to dry. After insertion
into the Masterflex L/S (7520-47, Cole-Parmer GmbH, Wertheim, Germany), equipped with the Easy-Load |l head module
(77201-60), a pump rate of 1.2 -1.4 mL/min was set. Polyplexes were prepared in HPW and pumped through the tubing
and collected in a 5 ml tube for further analysis. This procedure was carried out in triplicates.

Spray drying
[0048] For microparticle preparation a B-290 (Buichi Labortechnik, Essen, Germany) was used as spray drying appa-

ratus. As Pumpsil® tubings did not fit into the Blchi pre-installed pump, the Masterflex L/S (see above) was used with
a pump rate of 1.2-1.4 mL/min. Nitrogen was used as atomizing gas, whereas carrier gas was air. In order to avoid dust
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and other airborne particles, both nitrogen and air supply were filtered through a 0.22 um pore filter. To ensure sufficient
heating of the air supply and to avoid overheating of the Biichi vacuum pump, pressurized air was used. The aspirator
was set to 70% and vacuum was set to -40 mbar by adjusting the level of pressurized air. The airflow was set to 40 mm
corresponding to 473 NL/h. For particle collection, a high efficiency cyclone was attached to an outlet opening of the
spray drying apparatus. Polyplexes were prepared in 5 or 10% m/V trehalose or mannitol.

[0049] All formulations were prepared the same day to avoid inter-day differences related to ambient temperature and
humidity, for example. For analysis three batches were produced on three different days. In the case of different inlet-
temperatures (T-In), the measured outlet-temperatures (T-Out) were indicated next to T-In for a better understanding
of the process. During the spray drying process, minor changes of T-Out were observed. Hence, T-Out was reported
as mean with a deviation of = 1.5° C.

Additional Drying Step

[0050] For one spry drying run, a total amount of 30.00 g siGFP is diluted with a 5% trehalose solution in RNAse
free water to a total volume of 250 pL. Polyplexes are prepared at N/P ratio of 10. Therefore, the required amount of
PPP [1] is also diluted with a 5% trehalose solution in RNase free water to a volume of 250 pL. The PPP solution is
added to the siGFP solution and pipetted vigorously up and down. It is incubated for 20 minutes for polyplexes formation.
Subsequently, 4,500 pL of 5% trehalose solution are added to the polyplex suspension. The tube is carefully turned to
mix. In the meantime, the spray dryer is turned on; the parameters are set at 145°C inlet temperature, 70% aspirator,
an airflow of 40 mm (473 NL/h) and water cooling of the nozzle. RNase free water is spray dried at 1.4 mL/min. If a
constant inlet temperature of 145°C is reached, the spray drying process with the polyplex-trehalose dispersion begins.
At the end of the process, the sample tube is replaced with RNase free water which is spray dried for another 2 minutes.
Hereinafter, the pump is stopped. The spray drying process is finished, and the additional spray drying step of the nano-
embedded microparticles starts. A timer is set to five minutes and all other parameters are kept constant. Therefore, the
subsequent drying step takes place at 145°C inlet temperature. Finally, the spray drying process is stopped, and the
spray dried powder collected.

[0051] After the spry drying process, all powder is collected, weighed, and aliquots are used for further analysis. To
quantify the PPP and siGFP content within the microparticle powder following spray drying, an aliquot of the powder
was dissolved in HPW (Highly purified water), and heparin competition assays were performed to disassociate the
siGFP-PPP polyplexes within the NIM powder. Subsequently, the siGFP that was released from the polyplexes was
determined by a modified SYBR@ gold assay [1] while the PPP concentration was determined by TNBS assay [2].
[0052] First, the batch of NIM powder was dissolved in 2 mL HPW in a volumetric flask. Following procedure was
executed in triplicates: According to the theoretical content of siGFP, a volume was chosen to achieve approximately
0.04 g of siGFP per sample. This solution was diluted to a final volume of 150 pL per sample with HPW in a tube.
Afterwards, 75 p.L of a 58 k IU heparin solution was added to each tube to achieve complete disassociation of polyplexes
after 2 h. This solution was further diluted to 450 p.L and distributed into a white 96 well plate (Thermo Scientific™ BioLite
microwell plate, Thermo Scientific GmbH, Schwerte, Germany) in triplicates of 100 pL each. For quantification of siGFP,
30 pL of a4 X SYBR@ gold solution was added to each well and incubated for 10 min in the dark at room temperature.
The fluorescence of each sample was quantified using a Synergy 2 multi-mode microplate reader (BioTek Instrument,
Winooski, VT, U.S.A.) at excitation wavelength of 485/20 nm and emission wavelength of 520/20 nm and compared to
a freshly prepared standard curve of free siGFP incubated with SYBR@ gold dye.

[0053] For quantification of PPP, 100 pL of each batch dissolved solution in 2 mL borax buffer 0.1 M (Sodium Borax
Decahydrate, Sigma Aldrich, Germany) was incubated with 30 pL of 3 mM TNBS solution in triplicates and absorbance
at 405 nm was determined after a 1 h incubation using a Synergy 2 multi-mode microplate reader (BioTek Instrument,
Winooski, VT, U.S.A.). The measured absorbance was compared to a freshly prepared standard curve of free PPP
incubated with TNBS reagent. To verify each quantification assay, internal standards were prepared freshly and analyzed
in parallel. These standards consisted of siGFP and PPP of known amounts which were chosen according to the
theoretical amount of siGFP or PPP being analyzed in the sample, respectively. These were 0.04 g siGFP per well for
nucleic acid quantification and 0.48 to 1.2 g PPP for polymer quantification. Measurements with deviations of less than
10% of the internal standard were considered as precise and taken into account for further analysis.

[0054] The residual water content of the NIM powder after spray drying was determined by coulometric measurement
using an Aqua 40.00 Karl Fischer Titrator with corresponding software from Analytik Jena AG (Jena, Germany). The
samples (approx. 15 mg) were loaded into 2R vials, placed into the heating chamber and measured at 100 °C until the
measurement drift reached the start drift <+2 pg/min or until a final measurement time of 10 min. The start drift was
established after approximately 1 h of equilibration showing arate of less than 10 ng/min. Hydranal Coulomat AG (Riedel-
deHaén, Seelze, Germany) was used as reagent. Before each session, the titrator was calibrated with a 1% water
standard. The moisture content was calculated as the % weight of water relative to the overall sample weight.
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Z-Average and PDI measurements

[0055] To compare the effects of pumping and spray drying on polyplex content, 70 uL of freshly prepared polyplex
suspension was compared to polyplexes after further processing. For pump adsorption experiments, 70 uL were taken
after pumping. For redispersability of spray dried formulations, approximately 3.5 mg and 7.0 mg for 5% and 10% matrix
formulations, respectively, were dissolved in 70 pL HPW. All samples were analyzed in disposable cuvettes (Brand
GmbH, Wertheim, Germany) and analyzed with the Zetasizer Nano ZS (Malvern Instruments Inc., Malvern, U.K.). There-
fore, the refractive index of water, mannitol or trehalose at 25°C for the indicated concentrations were set in the software,
and detection was performed with the backscatter angle of 173°. For each experiment, measurements were taken in
triplicates with 15 runs each and averaged afterwards.

Static Light Scattering

[0056] A few ng of spray dried powder was suspended in about 2 mL of diethyl ether. About 30 minutes prior to
measurements the HORIBA LA-950 (Retsch Technology GmbH, Haan, Germany) was switched on for equilibration.
The cuvette was filled with diethyl ether, inserted into the device and acquisition and blank measurements were recorded.
The sample suspension was mixed thoroughly by pipetting up and down and small amounts were added into the cuvette.
Additionally, a small magnetic stir bar was inserted for sample stirring. The speed was adjusted to achieve light trans-
mittance between 85 and 90% of red light and between 80 and 90% of blue light. The amount of powder in the cuvette
was adjusted accordingly. Following indices were used for measurements: Real refractive index - mannitol: 1.330 Im-
aginary index - mannitol: 10.0 Real refractive index - trehalose: 1.652 Imaginary index - trehalose: 2.0 Refractive index
diethyl ether: 1.352

[0057] Imaginary indices were chosen experimentally to obtain smallest possible R parameter (here R<0.08 at all
measurements). The quality of these measurementis given by the R parameter which decreases if the predicted scattering
of the particle size distribution measurements fits with the detected scattering of the sample. [25] Measurements were
executed on three different batches.

Scanning Electron Microscopy

[0058] A small amount of powder was placed on top of a stub covered with double-sided carbon tape. Before analysis,
the stub was coated with carbon under vacuum for 40 s. The morphology of particles was examined by scanning electron
microscopy (SEM) using a FEI Helios G3 UC (Thermo Fisher Scientific, Schwerte, Germany).

Residual water content

[0059] Fortrehalose and mannitol microparticles, approximately 5 mg and 15 mg were weighed into a 2R vial, respec-
tively. Three different batches were measured in triplicates, each. Also, a 1% water standard was prepared with approx-
imately 10 mg. After filling, a small piece of ceramic wool (Analytik Jena AG, Jena, Germany) was applied on top to
avoid particle suction through the titrator. Vials were closed with a plastic stopper. Empty vials acting as blank values
were treated accordingly. For coulometric measurements an Aqua 40.00 Karl Fischer Titrator with corresponding software
from Analytik Jena AG (Jena, Germany) was used. First the oven was heated to 100°C and the system was cleared of
residual humidity by inserting an empty closed vial and activating the pump until a final drift of less than 8.0 png/min was
reached. The specified drift was used and stop conditions were set to a total measurement time of 10 minutes or until
the drift reached <2.0 pg/min of the initial drift. Blank measurements were executed and automatically subtracted from
standard and samples. Measurements were considered correct if the 1% water standard measurement resulted in a
value between 0.9 and 1.1 %.

Differential Scanning Calorimetry

[0060] For calorimetric measurements 3 to 5 mg of sample were weighed into a concavus pan and closed. The
reference was an empty closed concavus pan. Reference and sample were inserted into the oven at a set point of 25°C
and the oven was closed. Measurements were taken with a DSC 214 Polyma (Erich NETZSCH GmbH & Co. Holding
KG, Selb, Germany) starting from -10 °C with a ramp of 8° K/min until temperature reached 160°C for trehalose or 200°C
for mannitol formulations. Data was analyzed using the Proteus Analysis software.

XRPD

[0061] Foridentification of crystalline and or amorphous structures XRPD was executed with a 3,000 TT diffractometer



10

15

20

25

30

35

40

45

50

55

EP 4 196 097 B1
(Seifert, Ahrensburg, Germany). Equipped with a copper anode with a voltage of 40 kV and a current of 30 mA, a
wavelength of 0.154178 nm was used. The voltage of the scintillation detector was 1,000 V. Samples placed on the

copper sample holder were analyzed in the range of 5-40° 2-theta in steps of 0.05° 2-theta.

Aerodynamic properties

[0062] For analysis of aerodynamic properties apparatus E of the European Pharmacopoeia was used from Copley
Scientific (Nottingham, UK). The next generation impactor (NGI) was fitted with a preseparator (PS) and an induction
port (IP). The instrument was connected to a critical flow controller (TPK 2, ERWEKA GmbH, Langen, Germany) to
ensure correct valve opening for a predetermined time to allow a total volume of 4 L air passing through the instrument
for each measurement. Further on, the TPK was connected to a high performance vacuum pump (HVP 1000, ERWEKA
GmbH) generating a flow rate which was set to 30 L/min (volumetric L/min) by a TSI 4040 flowmeter (TSI Instruments
Ltd., High Wycombe, UK). A stock of 0.167x Tris-EDTA (TE) solution was prepared by mixing 0.5 mL 100x TE with 299.5
ml HPW. Prior to each analysis, the preseparator was filled with 10 mL of Heparin-TE solution (23.3 mg Heparin in 60
ml 0.167x TE) (HTE) and cups were coated with 10 wL of a solution containing 83% glycerin, 14% ethanol and 3% Brij
35. [26] Cotton swabs pre wetted with coating solution were used to distribute the coating solution across the entire cup
area. For analysis 4 or 8 hydroxypropylmethylcellulose capsules were loaded with approximately 45 mg of 5% or 10%
m/V spray dried formulations, respectively. Each capsule was loaded into a Handihaler® (Boehringer Ingelheim Pharma
GmbH & Co. KG, Ingelheim, Germany) and activated by piercing. According to the manufacturer’s manual, the capsules
were discharged twice with an interval between the two actuations of 5 s. After discharging the content of capsules into
the impactor, the IP was carefully taken off and closed with two rubber stoppers after 10 mL of HTE were inserted. Also,
the PS was carefully removed and both openings were closed with plastic stoppers. Both, IP and PS, were shaken
vertically and horizontally for 1 minute. Finally, the NGl was disassembled and the small cups were filled with 2 mL HTE
whereas the greater cups were filled with 4 ml HTE. All cups were covered with a plastic lid to avoid solvent evaporation.
The cups were placed on a shaker for 5 to 10 minutes and the rotation speed was set in a fashion to avoid spilling but
ensure complete dispersion of particles. Three aliquots of 100 wL from each stage including IP and PS were prepared
for further analysis. The mass of siGFP deposited on each stage was analyzed as described under 2.12 with an extended
standard point line towards the lower limit. This experiment was carried out with three different batches. The mass
median aerodynamic diameter (MMAD), geometric standard deviation (GSD), fine particle dose (FPD) and fine particle
fraction (FPF) were calculated as described in the European Pharmacopoeia [19]. 'Fine particles’ were considered all
particles below 5 pum.

siRNA and PPP quantification

[0063] Quantification assays were performed as described earlier. [12] In short, 50 mg for 5% and 100 mg for 10%
matrix formulations, respectively, were transferred into a 2 ml volumetric flask and dissolved in HPW to release polyplexes.
These solutions were used for the following assays:

TNBS assay

[0064] An aliquot of 100 pL of each sample was taken and mixed with 0.088% m/v TNBS in 0.1 M borax. After an
incubation time of 1h, samples were analyzed with a quartz cuvette in a UV-1600PC spectrophotometer (VWR Interna-
tional GmbH, Darmstadt, Germany) at an absorbance of 405 nm. Results were compared with an equally treated standard
dilution series (0.166 pg - 1.914 ng) where a corresponding amount of siGFP was added to avoid biases. Measurements
were only considered for further analysis if an internal standard (iS), prepared as described in 2.3., showed a deviation
of less than = 10 % compared to the theoretical amount.

Heparin SYBR gold assay (HepSYBR)

[0065] An aliquot of 60 pL of each sample was taken and diluted with HPW to 150 pL. To dissociate siGFP from PPP,
75 L of 2.33 mg/ml heparin solution in TE buffer was added and incubated for 2h. After dilution with HPW to 450 pL,
triplicates of 100 pL were pipetted into a black 96 well plate. A dilution series starting at 0.09 ug/100 pL was prepared
and added in triplicates into the same 96 black well plate. To verify full dissociation of siGFP and PPP, an iS was prepared
asdescribedin 2.3, treated alike and analyzed inftriplicates. A 4x SYBR gold solution in HPW was prepared for intercalation
of double stranded RNA and 30 pL were added to each well with an 8-channel multi pipette. Fluorescence was measured
at an excitation wavelength of 485/20 nm and an emission wavelength of 520/20 nm on a FLUOstar® Omega muilti-
mode microplate reader (BMG LABTECH GmbH, Ortenberg, Germany). Measurements were considered for further
analysis if iS showed a deviation of less than = 10 % compared to the theoretical amount.
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Integrity test

[0066] To achieve a final gel loading amount of 150 ng siGFP per lane (m(siGFP);,.). SIRNA losses detected by
HepSYBR were considered (recovery) and the following calculation was used to determine the amount of spray dried
powder (m(NIM)):

m(tsc)

m(NIM) = m(siGFP)lane x mGIGFP)sd

x recovery (EQ.2)

where m(tsc) is the total solid content of the spray dried powder and m(siGFP)y is the initial amount of siGFP used for
spray drying i.e. 30 ng. Powder was weighed and reconstituted in 15 pL of HPW and 5 p.L of Heparin (12 g Heparin /
5 nL TE-buffer). After 30 minutes of incubation, 4 L of the 6xloading dye was added and a4-20 % TBE gel (EC62252BOX,
ThermoScientific, Germany) was loaded with 24 pL of each sample. For control, free siGFP and siGFP with heparin
were loaded as well. The gel was run at a constant voltage of 200 V for up to 1 hour in Tris-Borate-EDTA buffer (TBE)
until lanes separated. Gels were taken off the chamber and placed in 20 mL of a 1x SYBRsafe solution for 30 minutes
under 50 rpm shaking. Gels were analyzed using a ChemiDoc fluorescence detector (Bio-Rad Laboratories GmbH,
Feldkirchen, Germany).

In vitro knockdown

[0067] Forin vitro knockdown performance a non-small cell lung cancer line H1299 (ATCC CRL-5803) stably express-
ing enhanced green fluorescence protein (GFP) was used. Cells were cultivated in RPMI-1640 supplemented with FBS
(10%), P/S (1%) and G418 (0.4%) for selection at 37°C with 5% CO,. Cells were seeded into 24 well plates with a density
of 2x105 cells per well and a total volume of 500 pL medium. On the day of transfection, the medium was replaced by
400 pL fresh medium and 100 pL of samples were applied to obtain a final concentration of 100 nM siGFP or siNC. As
different spray dried formulations at different concentrations were tested and taking detected losses into account, the
amount of powder and hence of excipient had to be adjusted. Therefore, samples within the same group were treated
to contain equal amounts of excipient for better comparability. After 72h, medium was discarded, cells were washed
with PBS, trypsinized and collected. After centrifugation at 400 rcf for 5 minutes, supernatant was discarded and the cell
pellet was resuspended in PBS. Samples were analyzed by flow cytometry (Attune® Acoustic Focusing Cytometer, Life
Technologies) and the median fluorescence intensity (MFI) was measured using 488 nm excitation and a 530/30 nm
band pass emission filter set (BL-1H). Samples were run in friplicates for each batch, with each sample gated by
morphology based on forward/sideward scattering for a set of 10,000 viable cells. Triplicates of each batch were sum-
marized by generating the mean value.

Tf-PEI and GATAS3 formulation

[0068] Transferrin-PEI (Tf-PEI) was prepared as described in [27, 28]. To downregulate GATAS3, two different siRNA
sequences targeting GATA3 (siGATA3) were used from QIAGEN GmbH (Hilden, Germany) in a mixture of 1:1
(HS_GATAS3_8 - S104212446, and HS_GATA3_9 - S104364101).

[0069] The formulation was spray dried as described in chapter 2.4. containing 1760 pmol / 5 ml of 5% v/v trehalose
or mannitol. The powder was analyzed according to chapter 2.11. to ensure exact amounts of siGATAS3 for transfection.
[0070] Transfection was executed with primary CD4* T cells which were isolated from freshly obtained buffy coats
(DRK, Berlin, Germany). Cells were cultured in RPMI medium supplemented with 10% FBS, 1% P/S, 10 mM HEPES,
1 mM sodium pyruvate and 4500 mg/L glucose.

[0071] For GATA3 knockdown 8x106 primary T cells were seeded in a 48 well plate containing 200 pL medium.
Primary T cell activation was executed by using Dynabeads™ Human T-Activator CD3/CD28 (11131D, Life Technologies)
following the supplier’s protocol of mixing beads and cells 1:1. Spray dried powder were redispersed in nuclease free
water. Controls consisting of siGATA3 or siNC were prepared with Tf-PEI or LF. After two days of T cell activation
samples were applied to cells thereby achieving a final concentration of 100 nM siRNA. Cells were incubated for 48h
and after removal of Dynabeads lysed with the PureLink RNA mini kit according to the manufacturer’s protocol (12183025,
Thermo Fisher Scientific). In short, cells were washed, lysed, and RNA was isolated with an additional DNase digestion
step. Afterwads, cDNA was synthesized using the high capacity cDNA Synthesis kit (#4368814, Applied Biosystems).
After obtaining cDNA, the solution was diluted 1:10 and a gRT-PCR was run with custom synthesized GATA3 forward
and reverse primers (Thermo Fisher) and p-actin primers (Qiagen, Hilden, Germany) for normalization. Cycle thresholds
were acquired by auto setting within the gPCRsoft software (Analytik Jena AG, Jena, Germany).

[0072] Examples and Embodiments on the basis of aqueous suspensions comprising lipid nanoparticles:
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Preparation of lipid nanoparticles (LNP) entrapping siRNA :

[0073] LNP-siRNA formulations had a lipid composition based on the clinically approved Onpattro [58, 59] formulation
and were prepared as previously described [59, 60]. Briefly, lipid components (MC3-like ionizable cationic lipid, helper
lipid, cholesterol, and PEG-DMG) at molar ratios of 50:10:38.5:1.5mol% were dissolved in ethanol to a concentration of
10 mM total lipid. Different helper lipids, i.e. 1,2-distearoyl-sn-glycero-3-phosphocholine (DSPC), 1,2-dioleoyl-3-trimeth-
ylammonium-propane (DOTAP), and 1,2-distearoyl-sn-glycero-3-phospho-(1’-rac-glycerol) (DSPG), were used to ena-
ble formation of LNP-siRNA systems with near neutral, positive, and negative zeta potential, respectively. Purified siRNA
(siGFP) was dissolved in 25 mM sodium acetate pH 4 buffer to achieve an N/P ratio of 3. The two solutions were mixed
through a T-junction mixer at a total flow rate of 20 mL/min, and a flow rate ratio of 3:1 v/v (aqueous:organic phase).
The resulting LNP suspension was subsequently dialyzed overnight against PBS pH 7.4, sterile filtered (0.2 pm), and
concentrated to 0.5 mg/mL siRNA. Encapsulation efficiencies of siGFP in the LNP systems were above 95% measured
by the Quant-iT Ribogreen Assay (Life Technologies). Stock solutions of LNP-siRNA formulations were diluted to a
concentration of 30 pg siRNA in 4500 pL of a specified solvent (highly purified water (HPW), lactose, trehalose or
mannitol, 5 wt/wt).

Spray drying

[0074] For microparticle preparation a B-290 (Biichi Labortechnik, Essen, Germany) was used. Pumpsil Tubing 1.6
mm X 1.6 mm (Watson Marlow Tubing, Falmouth, UK) was used with a pump rate of 1.4 mL/min. Nitrogen was used
as atomizing gas, whereas drying gas was air. In order to avoid dust and other airborne particles, both nitrogen and air
supply were filtered through a 0.22 um pore. To ensure sufficient heating of the air supply and to avoid overheating of
the Bulchi vacuum pump, pressurized air was used. The aspirator was set to 70% and vacuum was set to -40 mbar by
adjusting the level of pressurized air. The airflow was set to 40 mm corresponding to 473 NL/h. For particle collection,
a high efficiency cyclone was attached. LNPs were prepared in 5 % w/V lactose (Inhalac), trehalose or mannitol. All
formulations were prepared on the same day to avoid inter-day differences related to ambient temperature and humidity,
for example. For analysis three batches were produced on three different days. The inlet-temperatures (T-In) were varied
asindicated (T-In=60°C, 80°C, 100°C or 120°C) and resulted in lower measured outlet-temperatures (T-Out) accordingly
(T-Out= 41°C, 51°C, 62°C or 72°C). During the spray drying process, minor changes of T-Out were observed. Hence,
T-Out was reported as mean with a deviation of = 2.0° C.

Z-Average and PDI measurements

[0075] Forredispersability experiments of spray dried formulations, approximately 3.5 mg of the 5% matrix formulations
were dissolved in 70 pL HPW. All samples were analyzed in disposable cuvettes (Brand GmbH, Wertheim, Germany)
and analyzed with the Zetasizer Nano ZS (Malvern Instruments Inc., Malvern, U.K.). Therefore, the refractive index of
water, mannitol,trehalose or lactose at 25°C for the indicated concentrations were set in the software, and detection was
performed with the backscatter angle of 173°. For each experiment, measurements were taken in triplicates with 15 runs
each and averaged afterwards.

Residual water content

[0076] For lactose, trehalose and mannitol microparticles, approximately 10 mg were weighed into a 2R vial, respec-
tively. Three different batches were measured in triplicates, each. Also, a 1% water standard was prepared with approx-
imately 20 mg. After filling, a small piece of ceramic wool (Analytik Jena AG, Jena, Germany) was applied on top to
avoid particle suction through the titrator. Vials were closed with a plastic stopper. Empty vials acting as blank values
were treated accordingly. For coulometric measurements an Aqua 40.00 Karl Fischer Titrator with corresponding software
from Analytik Jena AG (Jena, Germany) was used. First the oven was heated to 100°C and the system was cleared of
residual humidity by inserting an empty closed vial and activating the pump until a final drift of less than 10.0 pg/min
was reached. The specified drift was used and stop conditions were set to a total measurement time of 10 minutes or
until the drift reached <2.0 png/min of the initial drift. Blank measurements were executed and automatically subtracted
from standard and samples. Measurements were considered correct if the 1% water standard measurement resulted
in a value between 0.9 and 1.1 %.

Differential Scanning Calorimetry

[0077] For calorimetric measurements 5 to 10 mg of sample were weighed into a concavus pan and closed. The
reference was an empty closed concavus pan. Reference and sample were inserted into the oven at a set point of 25°C
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and the oven was closed. Measurements were taken with a DSC 214 Polyma (Erich NETZSCH GmbH & Co. Holding
KG, Selb, Germany) starting from -10 °C with a ramp of 8° K/min until temperature reached 200°C for lactose formulations.
Data was analyzed using the Proteus Analysis software.

In vitro knockdown

[0078] For in vitro knockdown performance a non-small cell lung cancer line H1299 (ATCC CRL-5803) stably express-
ing enhanced green fluorescence protein (GFP) was used. Cells were cultivated in RPMI-1640 supplemented with FBS
(10%), P/S (1%) and G418 (0.4%) for selection at 37°C with 5% CO,. Cells were seeded into 24 well plates with a density
of 2x 105 cells per well and a total volume of 500 pL medium. On the day of transfection, the medium was replaced by
400 pL fresh medium and 100 pL of samples were applied to obtain a final concentration as indicated in the figures (2
prg/ml is equivalent to 111 nM concentration siGFP or scrambled control siRNA). After 48h, medium was discarded,
cells were washed with PBS, trypsinized and collected. After centrifugation at 400 rcf for 5 minutes, supernatant was
discarded and the cell pellet was resuspended in PBS/2mM EDTA. Samples were analyzed by flow cytometry (Attune®
Acoustic Focusing Cytometer, Life Technologies) and the median fluorescence intensity (MFI) was measured using 488
nm excitation and a 530/30 nm band pass emission filter set (BL-1H). Samples were run in triplicates for each batch,
with each sample gated by morphology based on forward/sideward scattering for a set of 10,000 viable cells. Triplicates
of each batch were summarized by generating the mean value.

Statistics

[0079] Experimental data was checked for significant difference by the GraphPad Prism 5 software using either One
Way or Two Way ANOVA repeated measurements, with either Bonferroni or Dunnetts post-hoc test with p<0.05 con-
sidered not significant (ns), and p>0.05, * p<0.05, **p<0.01, ***p<0.001.

[0080] Advantageousembodiments and comparative embodiments are discussed below with reference to the Figures,
which show:

Fig. 1A: Quantification of siGFP after spray drying of polylexes (N/P 5) at various T-In/T-Out;

Fig. 1B: Agarose gel of redispersed polyplexes after spray drying with indicated T-In. siGFP was released from
polyplexes upon incubation with heparin. Lane 1: internal standard (iS), Lane 2: powder spray dried at
65°C T-In, Lane 3: powder spray dried at 145°C T-In Lane 5: low range DNA base pair ladder;

Fig. 1C: Quantification of siGFP after pumping polyplexes through standard silicon tubing and Pumpsil tubing. (n=3);

Fig. 2: DLS measurements of freshly prepared (dark grey bars) and redispersed (light grey bars) polyplexes. PDI
is indicated by red circles. (n=3);

Fig. 3: Agarose gel of redispersed polyplexes after spray drying with mannitol or trehalose atindicated T-In. siGFP
was released from polyplexes upon incubation with heparin. M5/T5: 5% m/V mannitol/trehalose formulation
of siGFP-PPP; spray dried. M10/T10: 10% m/V mannitol/trehalose formulation of siGFP-PPP; spray dried.
L: Ultra low range base pair ladder;

Fig.4: Quantification of A) siRNA (siGFP) and B) polymer (PPP) after spray drying at two different temperatures
with two different excipients at two different concentrations. (n=4)
M5/T5: 5% m/V mannitol/trehalose formulation of siGFP-PPP; spray dried.
M10/T10: 10% m/V mannitol/trehalose formulation of siGFP-PPP; spray dried;

Fig. 5A: DSC measurements of Trehalose formulations: 1.2) T5-120°C, 2.2) T5-145°C, 3.2) T10-120°C, 4.2)
T10-145°C, 5.2) trehalose dehydrate;

Fig. 5B: DSC measurements of Mannitol formulations: 1.2) cryst. Mannitol, 2.2) T5-120°C, 3.2) T5-145°C, 4.2)
T10-120°C, 5.2) T10-145°C;

Fig.6A: XRPD measurements of Trehalose formulations spray dried at 145°C/79°C T-In/T-Out;

Fig. 6B: XRPD measurements of Mannitol formulations spray dried at 145°C/79°C T-In/T-Out;
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Particle size distribution as measured by SLS of M5-145°C, M10-145°C, T5-145°C, T10-145°C;

SEM pictures of A) T5-145°C B) T10-145°C C) M5-145°C D) M10-145°C. White arrows mark water bridges
between single trehalose particles;

In vitro knockdown of GFP within a H1299 cell line stably expressing eGFP. Within each group, samples
contain the same amount of excipient as indicated by the legend. LF: Lipofectamine, PPP: PEG-PCL-PEI
block copolymer, siNC: negative control siRNA, siGFP: siRNA sequence against eGFP, SD: spray dried
polyplexes consisting of PPP and siGFP at 5% (w/V) total solid content at 145°C T-In;

Ex vivo knockdown of GATA3 within primary CD4+ T cells; LF: Lipofectamine, Tf-PEI: Transferrin conju-
gated PEI, siNC: negative control siRNA, siGATA: siRNA sequence against GATA3, M5-145°C/T5-145°C:
spray dried polyplexes of Tf-PEI and siGATA at 145°C T-In with 5% Mannitol or 5% Trehalose;

Spray drying of nanoparticles consisting of siGFP and PEG-PCL-PEI (PPP) in 5% trehalose solution (A)
and the subsequent drying process of the nano-embedded microparticles (NIMs) at the same temperature
for 5 minutes (B). The spray drying parameters were set to 145 °C for the inlet temperature (T-In), an
aspirator performance of 70% and an airflow of 40 mm (473 NL/h). The pump flow was set to 1.4 mL/min
and stopped for the subsequent drying;

siGFP- and PPP-loss after subsequent drying of spray dried nanoparticles in 5% trehalose solution. The
subsequent drying time was five minutes. siGFP-loss was detected by HepSYBR assay and PPP-loss by
TNBS assay. Data points indicate mean = SD. (n=4),

Residual moisture of spray dried nanoparticles before and after subsequent drying. Karl-Fischer charac-
terization of spray dried siGFP-PPP nanoparticles in 5% trehalose before and after subsequent drying
(n=4). One-way ANOVA, Tukey post-test, **P < 0.05,

DLS measurements of freshly prepared (dark grey bars) and redispersed (light brown bars) LNPs. PDl is
indicated by black squares. (n=3) LNP formulations with neutral (neutr), positive (+) or negative (-) charge
were redispersed after spray drying at 80° or 100° C,

DSC measurements of lactose formulations: 1.3) L5 100°C, 2.3) L5 LNP-80°C, 5.3) L5 LNP- 100°C, 6.3)
L5 LNP+ 80°C, 7.3) L5 LNP+ 100°C, 8.3) L5 n LNP 80°C, 9.3) L5 n LNP 100°C,

DSC measurements of mannitol formulations: 1.3) M5 LNP-100°C,2.3) M5 LNP+ 100°C 3.3) M5 n LNP
100°C 4.3) M5 100°C,

In vitro knockdown of GFP within a H1299 cell line stably expressing eGFP. Within each group, sLNPs
contain either scRNA: negative (scrambled) control siRNA or siGFP: siRNA sequence against eGFP.
Formulation 1 (LNP neutral) is a neutral LNP containing the Onpattro™ formulation. Formulation 2 (LNP
negative) is a negative LNP containing DSPG, and Formulation 3 (LNP positive)is a positive LNP containing
DOTAP,

In vitro knockdown of GFP within a H1299 cell line stably expressing eGFP. Cells were treated with either
just 5% lactose or with redispersed LNPs spray dried at the temperature indicated and added to the cells
at the concentration indicated in the formulation (neutral (n), positive (+), or negative (-) LNPs) indicated,

In vitro knockdown of GFP within a H1299 cell line stably expressing eGFP. Cells were treated with either
just 5% mannitol or with redispersed LNPs spray dried at the temperature indicated and added to the cells
at the concentration indicated in the formulation (neutral (n), positive (+), or negative (-) LNPs) indicated.

Examples and Embodiments on the basis of aqueous suspensions comprising polyplexes:

Heat evaluation and integrity

[0082]

Spray drying is a well-known technique for preparing microparticles. However, heatis a crutial parameter which

could have a tremendous effect on siRNA. Hence, we spray dried polyplexes in presence with trehalose (10% m/V) at
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various inlet-temperatures (T-In), which resulted in respective temperatures (T-Out) in the vicinity of the outlet opening.
Figure 1 shows three inventive examples with T-Out below 90°C and a comparative example with T-Out being 100°C.
As shown in Figure 1, increasing T-In up to 170° and the respective T-Out of 89°C had no significant effect on the quantity
of siGFP. At 200°C/100°C T-In/T-Out, a significant increase in siGFP loss was detected.

[0083] As naked siRNA melts at around 90°C and switches from the double stranded to the single stranded form, it
was found according to the invention that the formation of polyplexes and their incorporation into the matrices of the
excipients did not thermally or chemically shield or stabilize the siRNA significantly making it less heat sensitive and
allowing higher spray drying temperatures, especially T-Out, compared to the respective naked siRNA. Thus, it is an
important achievement of the invention that successful spray drying with minimized losses of intact siRNA includes
avoiding heating the siRNA formulation to temperature above the melting temperature of naked siRNA for extended
periods of time.

[0084] The product temperature reached during the spray drying process is determined as the T-Out. [29] Hence, the
temperature which affects the product is equal to T-Out and therefore crucial for stability and integrity. For T-In at 200°C
and a subsequent T-Out of 100°C, melting of siRNA seems to have occurred and consequently resulted in higher
susceptibility to degradation. [22, 30] Such high temperatures can potentially also lead to polyplex dissociation and
siRNA release from the polyplexes. Protection of siRNA against heat and shear forces might therefore be hindered
which could explain the greater loss at such elevated temperatures. However, the loss of siRNA is restricted as the
exposure time of polyplexes to these temperatures is extremely low. Also, a large variation in siRNA recovery, reflected
in a comparably great standard deviation, was observed for spray conditions at 170°C/89°C T-In/T-Out. Here, T-Out
with a small deviation (89° + 1.5° C) just reached the melting temperature of siRNA. Again, this could induce melting
in some cases, leading to greater siRNA losses. Therefore, the temperature which can be used for the preparation of
siRNA via spray drying with an advantageous minimal loss of siRNA in our case is determined at 145°C T-In and a
subsequent T-Out of 79°C. Furthermore, it seems possible that spray drying can also be successful without elevated
losses at even higher T-In if the equipment is set up and the method is carried out in a fashion that T-Out remains below
90°C. This could be achieved for example by increasing the feeding or aspirator rate when increasing T-In at the same
time. [29]

[0085] As the siRNA quantification described here relies on intercalation of a fluorescent dye which does not reflect
the nucleic acid integrity, the latter has to be confirmed separately. This was achieved via gel retardation assay with
samples obtained at the lowest T-In and the highest acceptable T-In (145°C). Figure 1B confirms the duplex length of
about 25 bp for the internal standard as well as the spray dried samples obtained at both process parameters. Hence,
siRNA integrity in the recovered material even at T-Out of 79°C was maintained.

[0086] Although T-In/T-Out were reduced to minimize siRNA losses and duplex integrity was confirmed, nucleic acid
losses were still rather high with approximately 40%. To further elucidate the reasons for these losses the effect of
pumping polyplex suspensions from the sample container into the spray dryer was investigated. To test this effect, a
polyplex suspension was pumped through the silicon tubing connected to the spray dryer and was collected afterwards.
Interestingly, quantification of siGFP after pumping with regular quality silicon tubing, which was used in the aforemen-
tioned experiments, revealed losses of around 40% (Figure 1C).

[0087] These losses correspond to detected losses of redispersed polyplexes after spray drying. We therefore inferred
that the measured losses during spray drying (Figure 1A) are not solemnly linked to the spray drying process itself but
also depend on the pumping step and the used tubing material.

[0088] Itis believed that the source of adsorption of siGFP is due to hydrophobic interactions which were previously
only researched for DNA. [15] Furthermore, we tested whether high quality silicon tubing would reduce siRNA adsorption.
And indeed, siGFP losses were reduced to 0% when using Pumpsil tubing (Figure 1C). One explanation for the different
adsorption behavior of siRNA polyplexes on high vs. regular quality silicon tubings might be abrasion which takes place
in the latter tubing and results in cavities. These superficial changes lead to an increase and regeneration of surface
area and hence to an increase of possible interactions between siGFP and the tubing material. Therefore, low abrasion
tubings such as Pumpsil seem advantageous for the processing of polyplexes. The detailed mechanism for adsorption
however is not fully understood yet.

Nanoparticle Characteristics

[0089] Besides heat, spray drying exerts shear forces on nanoparticles and could disassemble polyplexes. Hence,
DLS measurements were performed before and after spray drying to visualize any possible effects. Therefore, micro-
particles were dissolved in HPWfor nanoparticle redispersion to mimic impaction and dissolution in the lung. As dem-
onstrated in Figure 2, Z-average values of freshly prepared and redispersed polyplexes do not differ from each other
statistically. Also, differences in PDI were not observed. However, we recognized high PDI values which might be
explained to some extent by sugar/sugar alcohol monomers. It was shown by Weinbuch et al. that monomers of sugar
and sugar alcohol are visible in highly concentrated solutions. [31] And indeed, we accordingly detected monomers at
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around 1 nm which are not visible if polyplexes are prepared solemnly in HPW (SI-Figure1). This hypothesis is underlined
by the fact that with increasing amount of excipient the peak at 1 nm increases (SI-Figure1). This phenomenon also
explains the trend of higher PDI values at higher concentrated excipient solutions. Nonetheless, Z-averages and PDI
did not differ significantly within one excipient group. However, trehalose formulated polyplexes showed higher PDI
values than mannitol formulated polyplexes which might be again attributed to a higher monomer content. In summary,
polyplex size and distribution were not affected by spray drying within each formulation. Furthermore, to confirm integrity
and hence the base pair length of siRNA in all formulations, a gel assay was executed. Figure 3 shows that independent
of the chosen formulation and T-In and T-Out respectively, siRNA was intact in all cases reflected by all bands being
detected at the same base pair length. Bands with a smaller molecular weight, which would indicate degradation of
siRNA, were not detected. Smears accompanying all spray dried samples are attributed to heparin as shown by similar
effects in the sample containing free siRNA mixed with heparin but not in the sample containing free siRNA without
heparin. Hence, we state that the base pair length of siRNA was not influenced by spray drying.

[0090] However, Z-average, PDI and base pair length are considered qualitative approaches to determine successful
spray drying whereas determination of siRNA and polymer content are quantitative and hence extremely relevant for
correct dosing.

[0091] Therefore, the content of sSiRNA was analyzed in redispersed particles and considerable losses were found
when polyplexes were spray dried in the presence of mannitol (Figure 4A). Although not significant but worth mentioning
is the fact thatlosses increased from approximately 17% to 21% when the temperature was increased. This is reasonable
as a higher product temperature could lead to greater losses as explained earlier. These findings are also in line with a
publication from Wu et al. where naked siRNA was spray dried in presence of mannitol at T-Out between 60 and 125°C.
[22] However, when polyplexes were spray dried with trehalose there was no significant change detectable compared
to the applied amount of siRNA. Hence, statistically significant differences in regard to siRNA recovery after spray drying
between the two different matrix formulations at both spray drying temperatures were observed. As analyzed by two
way ANOVA, the choice of excipient was identified as the source of variation accounting for 58.6% of total variation and
a p-value of 0.0013 indicating a highly significant effect. Similarly, polymer quantification resulted in no difference in
recovery after spray drying when polyplexes were formulated with trehalose but showed losses of approximately 53%
and 65% when formulated with 5% mannitol or 10% mannitol, respectively. Here, no statistical differences between both
temperatures and concentrations could be detected within each excipient group. However, all mannitol formulations
showed significantly higher losses in polymer than their trehalose formulated counterparts. Hence, mannitol formulations
were outperformed by their trehalose formulated counterpart in respect to siRNA and polymer recoveries.

[0092] This observation might be explained by the fact that trehalose formulations tend to form amorphous particles
whereas mannitol tends to crystallize upon spray drying. It was shown by several other publications that amorphous
structures can stabilize bio macromolecules during drying. [32-35] Although this effect was not shown before in literature
for polyplexes, it is not surprising that trehalose stabilizes polyplexes, also. One explanation for this phenomenon is the
water replacement theory. [36] During desiccation trehalose stabilizes the structure of the entrapped molecules by
forming hydrogen bonds and maintaining the three-dimensional structure. Also, higher residual moisture content of
trehalose formulations might add to this fact enabling greater stabilization by forming additional hydrogen bonds and
acting as a plasticizer. In contrast, crystalline mannitol was shown to inefficiently stabilize biopharmaceuticals and might
not protect the formulation from a drying-stress induced strand dissociation or potential degradation of the double stranded
siRNA. [37] The dissociation of double stranded siRNA due to temperatures close to the melting point could have led
to the decreased detection of siRNA with the intercalation based fluorescence quantification as described in chapter
2.12 which does not detect single stranded short RNA. This proposed mechanism is reinforced by the fact that detection
of smaller double stranded nucleic acid strains, which would be found if double strand breaks had occurred, could not
be detected (Figure 3).

Microparticle Characteristics

[0093] Pulmonary delivery via dry powder formulation requires low residual moisture in order to avoid aggregation
processes. Although it was discussed above that residual moisture may act as a plasticizer stabilizing polyplexes during
the spray drying process, it could nonetheless cause microparticle aggregation and could be a source of microbiological
instability and RNase contamination. Therefore, the water content of all formulations was measured by Karl Fischer
titration. As reflected in Table 1, trehalose formulations exhibited between 4.6 and 3.8% whereas mannitol formulations
showed between 0.4 and 0.2% residual moisture. These results were expected and are in line with results from literature.
[38-40]

[0094] Trehalose commonly solidifies upon spray drying in an amorphous state which was confirmed via DSC (Figure
5). In addition with the hygroscopic nature of trehalose, the reason for the formation of amorphous structures is the fast
drying step which does not provide sufficient time for trehalose molecules to arrange within an ordered structure with
subsequent crystal nucleation and growth. [41] All of the trehalose formulations showed glass transitions at temperatures
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between 38° and 53°C corresponding to their residual moisture content (Table 1).

3.85 +0.05

0.19+£0.03

Table 1

[0095] This temperature (Tg) is important for stability predictions during storage as amorphous solid forms are ther-
modynamically unstable and tend to crystallize if stored close to or above Tg. [42] As discussed above regarding siRNA
recovery after spray drying, the amorphous state of the formulation is favorable for polyplex preservation. Hence, for
storing these products at room temperature or in the fridge for a longer period of time, high Tg values are necessary.
This however is closely linked to the water content: the higher the residual moisture the lower Tg. [43] Also, with a lower
residual moisture content degradation processes are less likely to occur. [43] It is therefore of great interest to further
decrease the amount of residual moisture in trehalose formulations to avoid nucleation and degradation processes over
time and in order to maintain the amorphous state of the formulation. While the impact of storage upon polyplex quality
(size, PDI) and quantity has not yet been investigated, these aspects are currently under investigation in a greater
scheme of optimizing formulation and process parameters. To confirm the amorphous state of trehalose, formulations
were also tested by XRPD and typical amorphous halos were detected (Figure 6A). On the other hand, spray dried
mannitol formulations exhibited the same temperature profile as the crystalline starting substance with a melting peak
at170°Casinvestigated by DSC (Figure 5B). This finding indicates a crystalline form of mannitol. For distinct differentiation
between the mannitol polymorphs which could possibly appear, XRPD was performed on formulations prepared at T-
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In of 145°C. For both tested mannitol formulations, peaks at 14.6° and 16.8° 2-theta were detected which are both linked
to the B form of mannitol (Figure 6B). [41, 44] Peaks specific for the o or & form were not detected indicating that after
spray drying § mannitol is the predominant polymorph. Although the drying time of spray dried formulations is very short
and could have resulted in an amorphous state as obtained with trehalose, mannitol is less hygroscopic and less soluble.
These characteristics lead to the fact that solutions of mannitol dry quicker and crystallize during spray drying. As the
residual moisture content was lower for formulations prepared at higher temperatures and no significant differences in
nanoparticle characteristics were found between formulations prepared at the two different temperatures, all following
experiments were conducted with formulations produced at a T-In of 145°C.

[0096] To get a first understanding of microparticle size characteristics, static light scattering was performed in diethyl
ether in which neither mannitol nor trehalose is soluble. As visualized in Figure 7 formulations differ from each other
depending on the nature of excipient they are made of: both mannitol formulations show significantly lower values in the
10, 50 and 90 percentiles compared to the trehalose formulations (data not shown). Mannitol formulations exhibited
geometric median sizes of around 7 and 8 um for 5 and 10% formulations, respectively, whereas trehalose formulations
showed sizes of around 24 pm (Table 2).

2402 £+ 1.85

802+111 . 22541924

Table 2

[0097] This can be explained by the fact, that amorphous trehalose particles with higher residual moisture show a
tendency towards particle fusion through water bridges. [45] Hence, although in fact particles were produced with similar
diameters as in the mannitol formulations, as confirmed by SEM (Figure 8), these particles aggregate and may form
greater secondary particles. This aggregation can be appreciated in the SEM micrographs (Figure 8). Whereas recordings
of mannitol particles confirm the findings of SLS measurements, trehalose particles show much smaller diameters.
Additionally, water bridges can be observed as indicated by white arrows. Again, reductions in the water content of
trehalose microparticles could considerably reduce this effect. Concerning the surface of the particles, mannitol formu-
lations in general exhibited a very smooth round structure. Trehalose particles also showed nice smooth surfaces when
formulated at 10% whereas 5% formulations indicated a somewhat roughened surface.

[0098] For pulmonary delivery aerodynamic sizes between 1 and 5 um are crucial for successful delivery as discussed
above. Although geometric median sizes were greater than 5 um, the aerodynamic diameter also depends on the particle
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density and porosity and might therefore be lower as the geometric diameter. [46] In fact, measurements of impacted
siRNA in the NGI revealed MMAD values close to or below 5 um for trehalose and mannitol formulations indicating
successful lung delivery. Also, calculation of GSD suggests a particle distribution which can be considered for pulmonary
application. The FPF is considered as the percentage of drug that was delivered in particles below 5 um compared to
the overall impacted drug on all stages of the NGI. The higher the FPF the more drug could potentially be delivered to
the site of action. Accordingly, fine particle fractions with approximately 27% for both trehalose and approximately 37%
for both mannitol formulations, respectively, are considered very good. While only small amounts of particles collected
in the NGI were below 5 um and could potentially reach bronchioles and alveoli, asthma is a bronchial disease, and
deposition in the larger airways may be achieved with particles larger than 5 um also. However, to optimize the deposited
dose and decrease side potential side effects, decreases in MMAD would be favorable. Compared to the FPF, the FPD
is considered as the dose of drug in ug which was actually delivered in particles with less than 5 um. It is therefore not
a ratio but an exact dose which could be applied. Here, FPD differed between mannitol and trehalose formulations:
whereas mannitol formulations could potentially deliver more than 0.5 pg, only less than 0.2 pg of siRNA could currently
be delivered by trehalose formulations described above. Although the FPF in trehalose formulated polyplexes were
much smaller, this finding cannot solely explain the discrepancy in FPD. To explain this phenomenon, it has to be taken
into account that for FPF calculations only the deposited amount of drugs inside the NGl is considered. Depositions in
the pre-separator, induction port or even in the Handihaler device itself are not considered. And indeed, a large amount
of powder was found on the inner walls of the application device’s capsule rack which unfortunately could not be quantified.
This finding was noticed only for trehalose and not for mannitol formulations. The most reasonable explanation for this
observation might be the amorphous structure of the powder and the higher residual moisture of trehalose formulations.
Atfter the release of powder from the capsule through the vacuum and the thus generated centrifugal forces, particles
are forced to leave the Handihaler by following the airstream. Smaller and hence lighter particles can follow the airstream
directly, whereas a great portion of particles which might be aggregated will follow the airstream only after impacting on
and bouncing off the capsule rack’s inner wall, thereby possibly disaggregating. However, due to the high residual water
content and the subsequent plasticity of trehalose particles, a large amount of powder could adhere to the wall remaining
within the device. This explains why suitable values were calculated for MMAD and GSD and FPF of -27% based on
the amount of drug deposited inside the NGI from the trehalose formulations. Mannitol powders, on the other hand, were
not detected in the capsule rack and hence are suggested to be successfully introduced into the NGl without further losses.
[0099] From the overall assessment of the microparticle properties, we therefore conclude that crystalline structures
outperform amorphous substances in all analyzed properties even if the amorphous state seemed favorable with regard
to polyplex stability.

In Vitro Performance

[0100] For siRNA delivery it is fundamental to maintain the molecule’s bioactivity. Hence, spray dried powder was
reconstituted, and enhanced green fluorescence protein expressing H1299 cells were transfected with redispersed
polyplexes. Lipofectamine (LF) is a standard transfecting agent in vitro and is used as a positive control. [47] It is used
to show the maximal possible effect of nucleic acids i.e. here siRNA downregulation of mRNA and subsequent protein
expression (GFP). In all cases siRNA was active as the expression of GFP was significantly decreased (Figure 9).
Interestingly, lipofectamine-siGFP complexes used in the standard in vitro formulation with 5% glucose showed the
highest downregulation observed in all five groups which is >95% in relative reduction (compared to LF-siNC containing
a negative control siRNA sequence). Lipofectamine formulated with trehalose or mannitol with the respective concen-
tration of excipient although successful in downregulation, only showed a relative reduction between 70 and 80 %. One
possible mechanism for this discrepancy might be explained by the fact, that transfection is a process which is energy
consuming and factors which provide energy to cells such as glucose are therefore favorable. [48] Exchanging glucose
for trehalose or mannitol might therefore lower this positive effect and cells might take up particles less efficiently than
in the glucose reference group. Whether this effect or the viscosity of the matrix solutions used here causes the decreased
transfection remains unclear and is part of future research.

[0101] In previous studies polyplexes made of PPP and siRNA already showed knockdown efficiencies of -50% in
vitro [49] and even >70% in vivo where Lipofectamine is not stable and too toxic. [9] Hence, it is of great importance to
retain transfection ability and efficiency during spray drying for in vitro experiments and follow up studies in vivo. As
demonstrated in Figure 9, polyplexes formed of siGFP and PPP performed better than their negative control formulations
(PPP-siNC). Importantly, all spray dried polyplexes (SD) performed as well as their freshly prepared counterparts. This
effect is independent of the excipient’s nature and its concentration (marked in grey).

[0102] After confirming bioactivity, this knowledge was transferred towards a clinically more relevant model in which
GATA binding protein 3 (GATA3) was attempted to be downregulated in CD4+ T cells. In severe uncontrolled asthma,
Th2 cells play a crucial role in the activation of downstream effects which orchestrate the full manifestation of asthma
which is caused by a upregulated expression of GATA3. [50] Downregulation of such overexpressed proteins could lead
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to a significant improvement and thus benefit in therapy and administration frequency as shown for other siRNA based
therapies. [51] Therefore, the delivery system our group has optimized for T cell transfection of siRNA, namely transferrin-
coupled PEI (Tf-PEl), [52] was spray dried in combination with two siRNA sequences targeting GATA3. The amount of
siGATA was quantified as described earlier to ensure the amount for transfection. After two days of incubation, the
amount of GATA3 mRNA was analyzed and normalized to B-actin. As expected, Lipofectamine showed no significant
difference between the negative control siRNA and siGATA (Figure 10). Freshly prepared polyplexes consisting of Tf-
PEI and siGATA however, mediated a significant reduction in the expression of GATA3, and most of all polyplexes of
Tf-PEI and siGATA which were spray dried with 5% mannitol (M5-145°) showed identical effects. Importantly, the gene
silencing efficacy of M5-145° did not differ significantly from that of freshly prepared siGATA containing polyplexes
confirming retained bioactivity and transfection efficiency. Polyplexes spray dried with 5% trehalose however, showed
no transfection at all. This is surprising as it was expected that amorphous substances such as trehalose would stabilize
transferrin, a 79 kDa protein, to a greater extent than the crystalline mannitol especially because the latter excipient is
known to induce protein aggregation upon spray drying. [53] However, here, mannitol formulations stabilized transferrin
just as well and allowed successful transfection. One plausible reason for the lack of gene silencing of the trehalose
formulation might be redispersion problems in rather small volumes used for transfection considering their aggregation
tendency shown in Figure 8. Successful stabilization of transferrin in the mannitol formulations could potentially be
achieved by PEl in the polyplexes. PEI participates in the formation of polyplexes but could also interact within transferrin
directly. And indeed, as was shown, PEl is able to physically crosslink a protein and increase its stability during stresses
induced by pH shifts and stirring. [54] This could explain the maintained stability and conformation of Tf enabling rec-
ognition of Tf-receptors of T cells with the Tf decorated polyplexes. Further research will focus on the formation of protein
aggregates, the secondary structure and binding kinetics of Tf when spray dried alone, in mixture with PEIl and as a Tf-
PEI conjugate in either mannitol or trehalose for a better understanding of the processes underlying these findings.

Additional Spray Drying Step

[0103] For one spray drying run, a total amount of 30.00 g siGFP is diluted with a 5% trehalose solution in RNAse
free water to a total volume of 250 pL. Polyplexes are prepared at N/P ratio of 10. Therefore, the required amount of
PPP [1] is also diluted with a 5% trehalose solution in RNase free water to a volume of 250 pL. The PPP solution is
added to the siGFP solution and pipetted vigorously up and down. It is incubated for 20 minutes for polyplexes formation.
Subsequently, 4,500 pL of 5% trehalose solution are added to the polyplex solution. The tube is carefully turned to mix.
In the meantime, the spray dryer is turned on; the parameters are set at 145°C inlet temperature, 70% aspirator, an
airflow of 40 mm (473 NL/h) and water cooling of the nozzle. RNase free water is spray dried at 1.2 - 1.4 mL/min. If a
constant inlet temperature of 145°C is reached, the spray drying process with the polyplex-trehalose dispersion begins.
At the end of the process, the sample tube is replaced with RNase free water which is spray dried for another 2 minutes.
Hereinafter, the pump is stopped. The spray drying process is finished, and the subsequent drying of the nano-embedded
microparticles starts. A timer is set to five minutes and all other parameters are kept constant. Therefore, the subsequent
drying takes place at 145°C inlet temperature, as indicated in Figure 11. Finally, the spray drying process is stopped,
and the spray dried powder collected.

[0104] After the spry drying process, all powder is collected, weighed, and aliquots are used for further analysis. To
quantify the PPP and siGFP content within the microparticle powder following spray drying, an aliquot of the powder
was dissolved in HPW (Highly purified water), and heparin competition assays were performed to disassociate the
siGFP-PPP polyplexes within the NIM powder. Subsequently, the siGFP that was released from the polyplexes was
determined by a modified SYBR@ gold assay [1] while the PPP concentration was determined by TNBS assay [2]. First,
the batch of NIM powder was dissolved in 2 mL HPW in a volumetric flask. Following procedure was executed in triplicates:
According to the theoretical content of siGFP, a volume was chosen to achieve approximately 0.04 pg of siGFP per
sample. This solution was diluted to a final volume of 150 pL per sample with HPW in a tube. Afterwards, 75 pL of a 58
k U heparin solution was added to each tube to achieve complete disassociation of polyplexes after 2 h. This solution
was further diluted to 450 pL and distributed into a white 96 well plate (Thermo Scientific™ BioLite microwell plate,
Thermo Scientific GmbH, Schwerte, Germany) in triplicates of 100 pL each. For quantification of siGFP, 30 pL of a 4
X SYBR®gold solution was added to each well and incubated for 10 min in the dark atroom temperature. The fluorescence
of each sample was quantified using a Synergy 2 multi-mode microplate reader (BioTek Instrument, Winooski, VT,
U.S.A.) atexcitation wavelength of 485/20 nm and emission wavelength of 520/20 nm and compared to a freshly prepared
standard curve of free siGFP incubated with SYBR@ gold dye. For quantification of PPP, 100 pL of batch dissolved
solution in 2 mL borax buffer 0.1 M (Sodium Borax Decahydrate, Sigma Aldrich, Germany) was incubated with 30 pL
of 3 mM TNBS solution in triplicates and absorbance at 405 nm was determined after a 1 h incubation using a Synergy
2 multi-mode microplate reader (BioTek Instrument, Winooski, VT, U.S.A.). The measured absorbance was compared
to a freshly prepared standard curve of free PPP incubated with TNBS reagent. To verify each quantification assay,
internal standards were prepared freshly and analyzed in parallel. These standards consisted of siGFP and PPP of
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known amounts which were chosen according to the theoretical amount of siGFP or PPP being analyzed in the sample,
respectively. These were 0.04 ng siGFP per well for nucleic acid quantification and 0.48 to 1.2 ng PPP for polymer
quantification. Measurements with deviations of less than 10% of the internal standard were considered as precise and
taken into account for further analysis.

[0105] The analysis of spray dried powders after additional drying revealed that during the spray drying process, about
10% of siRNA and polymer were lost as shown in Figure 12. The corresponding losses support stability of the polyplexes
during the spray drying process and confirm that no additional material is lost during the additional drying step.

[0106] The residual water content of the NIM powder after spray drying was determined by coulometric measurement
using an Aqua 40.00 Karl Fischer Titrator with corresponding software from Analytik Jena AG (Jena, Germany) as shown
in Figure 13. The samples (approx. 15 mg) were loaded into 2R vials, placed into the heating chamber and measured
at 100 °C until the measurement drift reached the start drift <+2 pg/min or until a final measurement time of 10 min. The
start drift was established after approximately 1 h of equilibration showing a rate of less than 10 pg/min. Hydranal
Coulomat AG (Riedel-deHaén, Seelze, Germany) was used as reagent. Before each session, the titrator was calibrated
with a 1% water standard. The moisture content was calculated as the % weight of water relative to the overall sample
weight.

[0107] The analysis of the powders before and after the additional drying step confirmed that a statistically significant
reduction in residual moisture was achieved by the additional drying step. Accordingly, also the fine particle fraction
(FPF) of the trehalose formulations was increased after the additional drying step. Similar results are likely for other
amorphous excipients.

[0108] This againincreases the fine particle fraction of the powder, i.e. the fraction with aerodynamic diameters (MMAD)
of less than 5um. Based on this improved small particle fraction, the pharmaceutically active dose of the powder can
be greatly improved.

Summary

[0109] In summary, according to the invention spray drying above the melting temperature of naked siRNA results in
significant changes in the quantity of siRNA recovered after spray drying, even when the siRNA is present in polyplexes
encapsulated in matrices of excipients. Inventive spray drying at or below the melting temperature show no significant
differences in respect to recovered quantity and base pair length. Furthermore, it was surprisingly found that the tubing
material can have a tremendous effect on the preparation and processing of spray dried polyplexes as interactions
between the tubing material and siRNA seem to occur on a large scale.

[0110] We demonstrated that spray drying did not affect polyplex size and PDI independent of the different excipients
and their concentration used in this study. This was also shown for siRNA integrity. Quantitative analysis revealed
significant losses of siGFP and PPP after spray drying when formulated with mannitol, a representative for crystalline
substances. However, no changes regarding the recovery of both polyplex components were observed when spray
dried with trehalose, the typical matrix used for amorphous microparticles. Therefore, it is believed that for nanoparticle
properties amorphous substances are crucial to minimize losses through processing.

[0111] An additional drying step exhibits positive effects on the spray dried powder without causing a significant
increase in siRNA losses. The resulting powder shows a decrease in residual moisture content and exhibits improved
microparticle characteristics without lowering nanoparticle stability.

[0112] Concerning microparticle characteristics, mannitol formulations significantly outperformed trehalose formula-
tions with regard to particle characteristics. Due to crystalline structure and subsequent lower residual moisture, mannitol
particles exhibited smaller geometric median sizes and showed favorable aerodynamic characteristics.

[0113] Forin vitro analysis, both formulations showed efficient downregulation of GFP in an eGFP expressing cell line
indicating preserved bioactivity with all tested formulations. These findings were translated towards primary CD4+ T
cells which play a central role in the pathogenesis of inflammatory diseases such as asthma where GATA3 upregulation
can be observed. We demonstrated that spray drying of polyplexes had no negative effect on the efficiency when
formulated with mannitol, and successful transfection of primary T cells ex vivo was achieved with the spray dried
mannitol formulation for dry powder inhalation as reflected by efficient and sequence specific GATAS silencing.

[0114] Itis an advantageous embodiment of the current invention to combine beneficial properties of both crystalline
and amorphous particles for stabilization through the amorphous matrix and optimal microparticle characteristics through
the crystalline material.

[0115] Examples and Embodiments on the basis of aqueous suspensions comprising lipid nanoparticles:

Nanoparticle Characteristics

[0116] Besides heat, spray drying exerts shear forces on LNP-siRNA systems and could melt, disassemble, destroy
or merge LNPs. Hence, DLS measurements were performed before and after spray drying to visualize any possible
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effects. Therefore, microparticles were dissolved in HPW for LNP redispersion to mimic impaction and matrix excipient
dissolution in the lung. As demonstrated in Figure 14, Z-average values of freshly prepared and redispersed LNPs do
not differ from each other statistically. Also, differences in PDI were not observed. However, we recognized high PDI
values which might be explained to some extent by sugar/sugar alcohol monomers. It was shown by Weinbuch et al.
that monomers of sugar and sugar alcohol are visible in highly concentrated solutions. [61] In summary, LNP size and
distribution were not affected by spray drying within each formulation.

Microparticle Characteristics

[0117] Pulmonary delivery via dry powder formulation requires low residual moisture in order to avoid aggregation
processes. Although it was discussed above that residual moisture may act as a plasticizer stabilizing LNPs during the
spray drying process, it could nonetheless cause microparticle aggregation and could be a source of microbiological
instability and RNase contamination. Therefore, the water content of all formulations was measured by Karl Fischer
titration. As reflected in Table 3, storage of powders in the fridge for 8 weeks after drying at low temperatures (60° or
80°C) seemed to cause an increase in residual moisture. For all other formulations, independent of the charge of the
LNP and the drying temperature, approximately 4% residual moisture was observed.

INP neutr B0°C ' ‘ | B9 (stored for
| | | B weeks in the
, fricge)
LNP neutr 80°C . 7.20 {stored for
8 wesks inthe
fridpe)

5 INPreutrl00C | 15940 638 431
10 LNP neutr 120°C 18415 736 371
10 NP+ BOC 15568 623 49
10 LNP [+) 100°C 166,75 66,7 446
10 e (4) 12070 14661 586 334
10 LNE [} 80°C 18188 736 444
10 INB()i00C s $: 0 s

Table 3) Residual moisture of LNPs spray dried with 5% w/V lactose as
excipient at 60°, 80°C, 100°C or 120° C T-In, as indicated, as well as
recovered spray dried (SD) masses and yield.

[0118] Lactose commonly solidifies upon spray drying in an amorphous state which was confirmed via DSC (Figure
15). In addition with the hygroscopic nature of lactose, the reason for the formation of amorphous structures is the fast
drying step which does not provide sufficient time for lactose molecules to arrange within an ordered structure with
subsequent crystal nucleation and growth, confirmed by a glass transition temperature around 120° C. [62] All of the
lactose formulations showed glass transitions at temperatures between 45 and 56 °C corresponding to their residual
moisture content (Figure 15 (DSC lactose) and Table 3). This temperature (Tg) is important for stability predictions during
storage as amorphous solid forms are thermodynamically unstable and tend to crystallize if stored close to or above Tg.
[63] The amorphous state of the formulation is favorable for LNP preservation. Hence, for storing these products at room
temperature or in the fridge for a longer period of time, high Tg values are necessary. This however is closely linked to
the water content: the higher the residual moisture the lower Tg. [64] Also, with a lower residual moisture content
degradation processes are less likely to occur. [64] It is therefore of great interest to further decrease the amount of
residual moisture in trehalose formulations to avoid nucleation and degradation processes over time and in order to
maintain the amorphous state of the formulation. While the impact of storage upon LNP quality (size, PDI) and quantity
has not yet been investigated in detail, these aspects are currently under investigation in a greater scheme of optimizing
formulation and process parameters. In comparison, in Figure 16, mannitol is showing a crystalline structure with onset
temperatures of 164-166°C.

In Vitro Performance

[0119] For siRNA delivery it is fundamental to maintain the molecule’s bioactivity throughout the spray drying and
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storage process. Hence, spray dried powder was reconstituted, and enhanced green fluorescence protein expressing
H1299 cells were transfected with redispersed LNPs. For comparison, freshly prepared and differently charged LNPs
(neutral, negative, and positive) were used to set the baseline for maximum gene silencing efficacy with LNPs. Cells
were transfected with 1 ng/mL siRNA which is equivalent to 55.7 nM siGFP or scrambled control siRNA. In all cases
LNPs loaded with siRNA against GFP reduced GFP expression significantly (Figure 18). LNPs used in the standard in
vitro formulation redispersed in cell culture medium showed very strong downregulation observed in all three groups
which is >90% in relative reduction (compared to LNPs with siNC, containing a negative control siRNA sequence).
[0120] As demonstrated in Figure 17, LNPs formed of siGFP silenced GFP expression significantly in comparison to
LNPs loaded with a scrambled control siRNA (scRNA). Importantly, all spray dried LNPs (SD) performed at least as well
as their freshly prepared counterparts as shown in Figure 18. This is true for 5% lactose formulations and 5% mannitol
formulations (Figure 19).

[0121] In the next step, powders obtained from spray drying LNPs in 5% mannitol or 5% lactose were redispersed in
HPW to obtain LNPs with 1 g siRNA or 0.5 ug siRNA in 100 p.L redispersed powder, and cells were transfected with
1 pg/mL siRNA, equivalent to 55.7 nM siRNA. In comparison, cells were untreated (medium control), treated with sugar
(alcohol) only (medium + 5% lactose or mannitol), treated with free siRNA, freshly prepared LNPs using the Onpattro™
formulation, or with LNPs using the Onpattro™ formulation spray dried at 100° C in 5% lactose (L) or mannitol.

[0122] For comparison, the other formulations containing also positive and negative LNPs were spray dried and tested
at different concentrations. As shown in Figure 18, no significant differences between formulations containing the same
concentration siRNA were observed independent of the spray drying temperature (neutral LNPs at 1 png/mL siRNA,
spray dried at 60°, 80° or 100°C). Also, no differences were observed regarding the charge of the nanoparticles when
the same concentration of siRNA was used for positive and negative LNPs (0.5 ng/mL siRNA at 80°C). Only LNPs spray
dried at 100°C showed slight differences between positive LNPs which at 0.5 wg/mL were more efficient than negative
LNPs at 0.5 pg/mL or neutral LNPs at 1 ng/ml. As shown in Figure 19, LNPs spray dried in mannitol show the same
results as spray dried in lactose.

Conclusions & Outlook

[0123] In summary, we showed that spray drying of siRNA loaded LNPs at or below T-Out of 72°C in 5% lactose
results in preservation of SiRNA and LNP activity after spray drying and redispersion.

[0124] We demonstrated that spray drying did not affect LNP size and PDI. Concerning powder characteristics, lactose
formulations contained a residual moisture content of about 4% independent of the spray drying temperature applied.
[0125] For in vitro analysis, all three formulations showed efficient downregulation of GFP in an eGFP expressing cell
line indicating preserved bioactivity with all tested formulations. Efficacy did not depend on the spray drying temperature
nor on the formulation but merely on the siRNA concentration and the use of 5% lactose or mannitol as excipients.
However, one difference between our approach and the method chosen by TranslateBio Inc (now Sanofi) is the weight
percentage of the RNA in the powder. While Karve et al used an RNA concentration of 0.133% [65], while we observe
that a larger excess of excipient can protect LNPs more efficiently. The method described can be used for a range of
0.001-0.02% w/w of RNA in final powder product. This percentage of RNA is a function of the solid contents in the feed
dispersion for spray drying since >90% of the water is evaporated during the spray drying procedure.
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Claims

Method for producing high yield nano-in-micro (NIM) encapsulated bioactive siRNA dry powder comprising the steps
of:

- providing an aqueous suspension comprising polyplexes, in particular polyelectrolyte complexes, formed from
at least a polyamine, and/or polyamide and/or polyester and siRNA, wherein the polyplexes are provided with
and/or encapsulated into water soluble excipients, in particular highly purified water and/or sugar alcohol and/or
sugar or providing an aqueous suspension comprising lipid nanoparticles formed from at least an ionizable
cationic lipid, a helper lipid, a pegylated lipid, cholesterol and siRNA wherein the lipid nanoparticles are provided
with and/or encapsulated into water soluble excipients, in particular highly purified water and/or sugar alcohol
and/or sugar;

- spray drying the aqueous suspension using a spray drying apparatus, preferably a Biichi B-290, by feeding
the aqueous suspension to a spray drying atomizing nozzle and subjecting the atomized droplets to a heated
gas stream of a carrier gas, preferably dried and cleaned air, in particular through a multicomponent atomizing
nozzle for the suspension and an atomizing gas;

- collecting a spray dried powder in an accumulation means of the spray drying apparatus

characterized in that

the temperature in the vicinity of an outlet opening connecting a spray drying chamber with the accumulation means
during feeding of the aqueous suspension to the nozzle is controlled by temperature controlling means to be limited
to an upper threshold temperature which is equal to or below a melting temperature of the respective naked siRNA
such that the powder can be resuspended in water to polyplexes or polyplex suspensions or lipid nanoparticles or
lipid nanoparticle suspensions which do not vary more than +/- 10% from their initial formulation before spray drying
in regard to size, polydispersity and zeta potential.

Method according to claim 1,

characterized in that,

the upper threshold temperature is set to 90°C, in particular 80°C, in particular for aqueous suspension comprising
polyplexes.

Method according to claim 1,

characterized in that,

the upper threshold temperature is set to 63°C, especially 63+2°C , in particular for aqueous suspension comprising
lipid nanoparticles.
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Method according to claims 1 to 3,

characterized in that,

the mass ratio of siRNA to a sugar and/or sugar alcohol is between 0,001% and 0,02%, in particular for aqueous
suspension comprising lipid nanoparticles.

Method according to claim 4,

characterized in that,

lactose is used as sugar or used with a sugar alcohol, in particular for aqueous suspension comprising lipid nano-
particles.

Method according to claims 1 to 5,

characterized in that,

the aqueous suspension is fed to the nozzle through a high grade tubing material, in particular a high grade silicon
based tubing material, especially Pumpsil ®.

Method according to claims 1 to 6,

characterized by

an additional drying step, in which a carrier gas is fed through the spray drying apparatus, especially the atomizing
nozzle, without being mixed with aqueous suspension and in particular while the spray dried powder has already
been transferred to the accumulation means.

Method according to claim 7,

characterized in that,

the additional drying step is carried out with the temperature in the vincinity of the spry dry nozzle being controlled
by temperature controlling means to be limited to an upper threshold temperature, in particular an upper threshold
temperature of 90°C, in particular 80°C for aqueous suspension comprising polyplexes and/or 63°C for aqueous
suspension comprising lipid nanoparticles .

Method according to claim 8,

characterized in that,

the additional drying step is carried out until a residual moisture of the spray dried powder of less than 3%, in
particular less than 2% is reached.

Method according to claims 1 to 9,

characterized in that polyethyleneimine-graft-polycaprolactone-block-polyethylene glycol (PEI-g-PCL-b-PEG or
PPP) and/or a bioconjugate of polyethylenimine, especially Transferrin conjugated polyethylenimine (Tf-PEI), and/or
polyspermine is used as polyamine.

Powder containing bioactive siRNA in the form of polyplexes, in particular polyelectrolyte complexes, formed from
at least a polyamine, polyamide and/or polyester and siRNA, or in the form of lipid nanoparticles formed from at
least an ionizable cationic lipid, a helper lipid, a pegylated lipid, cholesterol and siRNA, wherein the polyplexes
and/or lipid nanoparticles are encapsulated into water soluble excipients, in particular mannitol and/or trehalose
and/or lactose, with a residual moisture of less than 5%, and preferably with aerodynamic diameters (MMAD)
between 0,5 and 10um, preferably 1 and 5um, produced according to the method of any of claims 1 to 10
characterized in that,

the powder can be resuspended in water to polyplexes or polyplex suspensions or lipid nanoparticles or lipid nan-
oparticle suspensions which do not vary more than +/- 10% from their initial formulation before spray drying in regard
to size, polydispersity and zeta potential.

Powder according to claim 11,

characterized in that

the polyamine is polyethyleneimine-graft-polycaprolactone-block-polyethylene glycol (PEI-g-PCL-b-PEG or PPP)
and/or a bioconjuagte of polyethylenimine, in particular Transferrin conjugated polyethylenimine (Tf-PEI), and/or
polyspermine.

Powder composition or blend comprising at least a powder according to claim 11 or 12 used as a pharmaceutical
dosage form, especially for pulmonary delivery.
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14. Powder composition or blend comprising at least a powder according to claim 11 or 12 wherein the siRNA is active

in silencing the translation of messenger RNA into proteins causing lung diseases.

Patentanspriiche

Verfahren zur Herstellung von Trockenpulver mithoher Ausbeute an Nano-in-Mikro eingekapselter, bioaktiver siRNA
(NiM-siRNA), folgende Schritte umfassend:

- Bereitstellen einer wassrigen Suspension, die Polyplexe, insbesondere Polyelektrolytkomplexe, umfasst, die
aus zumindest einem Polyamin und/oder Polyamid und/oder Polyester und siRNA gebildet sind, wobei die
Polyplexe mit wasserldslichen Hilfsstoffen, insbesondere hochreinem Wasser und/oder Zuckeralkohol und/oder
Zucker, versehen und/oder darin eingekapselt sind, oder Bereitstellen einer wassrigen Suspension, die Lipid-
Nanopartikel, die aus zumindest einem ionisierbaren kationischen Lipid, einem Helferlipid, einem pegylierten
Lipid, Cholesterin und siRNA gebildet sind, umfasst, wobei die Lipid-Nanopartikel mit wasserléslichen Hilfsstof-
fen, insbesondere hochreinem Wasser und/oder Zuckeralkohol und/oder Zucker, versehen und/oder darin ein-
gekapselt sind;

- Sprihtrocknen der wassrigen Suspension unter Verwendung einer Sprithtrocknungsvorrichtung, bevorzugt
einer Buichi B-290, indem die wassrige Suspension einer Sprihtrocknungszerstauberdise zugefihrt wird und
die zerstaubten Tropfchen einem erhitzten Gasstrom eines Tragergases, bevorzugt getrockneter und gereinigter
Luft, insbesondere durch eine Mehrkomponentenzerstauberdise fiir die Suspension und ein Zerstdubergas,
ausgesetzt werden;

- Sammeln eines sprithgetrockneten Pulvers in einer Akkumulationseinrichtung der Sprithtrocknungsvorrichtung

dadurch gekennzeichnet, dass

die Temperatur in der Nahe einer Auslassoéffnung, die eine Spriihtrocknungskammer mit der Akkumulationseinrich-
tung verbindet, wahrend die wassrige Suspension der Dise zugefiihrt wird, durch Temperaturregeleinrichtungen
geregelt wird, um auf eine obere Grenztemperatur begrenzt zu sein, die gleich oder unter einer Schmelztemperatur
der jeweiligen nackten siRNA liegt, derart dass das Pulver in Wasser zu Polyplexen oder Polyplex-Suspensionen
oder Lipid-Nanopartikeln oder Lipid-Nanopartikel-Suspensionen resuspendierbar ist, die nicht mehr als +/- 10 %
von ihrer urspringlichen Formulierung vor dem Sprihtrocknen im Hinblick auf GroRRe, Polydispersitat und Zeta-
Potential variieren.

Verfahren nach Anspruch 1,

dadurch gekennzeichnet, dass

die obere Grenztemperatur, insbesondere fiir eine Polyplexe umfassende wassrige Suspension, auf 90°C, insbe-
sondere 80°C, eingestellt ist.

Verfahren nach Anspruch 1,

dadurch gekennzeichnet, dass

die obere Grenztemperatur, insbesondere fir eine Lipid-Nanopartikel umfassende wassrige Suspension, auf 63°C,
besonders 63+2°C, eingestellt ist.

Verfahren nach den Anspriichen 1 bis 3,

dadurch gekennzeichnet, dass

das Massenverhaltnis der siRNA zu einem Zucker und/oder Zuckeralkohol, insbesondere fiir eine Lipid-Nanopartikel
umfassende wassrige Suspension, zwischen 0,001 % und 0,02 % liegt.

Verfahren nach Anspruch 4,

dadurch gekennzeichnet, dass

insbesondere fir eine Lipid-Nanopartikel umfassende wassrige Suspension, Laktose als Zucker verwendet wird
oder mit einem Zuckeralkohol verwendet wird.

Verfahren nach den Anspriichen 1 bis 5,

dadurch gekennzeichnet, dass

die wassrige Suspension der Diise durch ein hochgradiges Rohrmaterial, insbesondere ein hochgradiges silizium-
basiertes Rohrmaterial, besonders Pumpsil®, zugefiihrt wird.
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Verfahren nach den Anspriichen 1 bis 6,

gekennzeichnet durch

einen zusatzlichen Trocknungsschritt, in dem ein Tragergas, ohne mit einer wassrigen Suspension gemischt zu
sein und insbesondere wahrend das spriihgetrocknete Pulver bereits in die Akkumulationsvorrichtung tberfihrt
worden ist, durch die Spriihtrocknungsvorrichtung, besonders die Zerstauberdiise, hindurchgefiihrt wird.

Verfahren nach Anspruch 7,

dadurch gekennzeichnet, dass

der zuséatzliche Trocknungsschritt unter Regelung der Temperatur in der Nahe der Sprihtrocknungsdiise durch
Temperaturregeleinrichtungen durchgefiihrt wird, um auf eine obere Grenztemperatur begrenzt zu sein, insbeson-
dere eine obere Grenztemperatur von 90°C, insbesondere 80°C, fiir eine Polyplexe umfassende wassrige Suspen-
sion und/oder von 63°C fir eine Lipid-Nanopartikel umfassende wassrige Suspension.

Verfahren nach Anspruch 8,

dadurch gekennzeichnet, dass

der zusatzliche Trocknungsschritt durchgefiihrt wird bis eine Restfeuchtigkeit des spriihgetrockneten Pulvers von
weniger als 3 %, insbesondere weniger als 2 %, erreicht wird.

Verfahren nach den Anspriichen 1 bis 9,

dadurch gekennzeichnet, dass Polyethylenimin-Pfropf-Polycaprolacton-Block-Polyethylenglycol (PEI-g-PCL-b-
PEG oder PPP) und/oder ein Biokonjugat aus Polyethylenimin, besonders Transferrin-konjugiertem Polyethylenimin
(Tf-PEI), und/oder Polyspermin als Polyamin verwendet wird/werden.

Bioaktives siRNA enthaltendes Pulver in Form von Polyplexen, insbesondere Polyelektrolytkomplexen, die aus
zumindest einem Polyamin, Polyamid und/oder Polyester und siRNA gebildet sind, oder in Form von Lipid-Nanop-
artikeln, die aus zumindest einem ionisierbaren kationischen Lipid, einem Helferlipid, einem pegylierten Lipid, Cho-
lesterin und siRNA gebildet sind, wobei die Polyplexe und/oder Lipid-Nanopartikel in wasserlésliche Hilfsstoffe,
insbesondere Mannitol und/oder Trehalose und/oder Laktose, mit einer Restfeuchtigkeit von weniger als 5 % und
bevorzugt mit aerodynamischen Durchmessern (MMAD) zwischen 0,5 und 10 uwm, bevorzugt 1 und 5 um, einge-
kapselt sind, wobei das Pulver entsprechend dem Verfahren nach einem der Anspriiche 1 bis 10 hergestellt ist
dadurch gekennzeichnet, dass

das Pulver in Wasser zu Polyplexen oder Polyplex-Suspensionen oder Lipid-Nanopartikeln oder Lipid-Nanopartikel-
Suspensionen resuspendierbar ist, die nicht mehr als +/- 10 % von ihrer urspriinglichen Formulierung vor dem
Sprihtrocknen im Hinblick auf GroR3e, Polydispersitat und Zeta-Potential variieren.

Pulver nach Anspruch 11,

dadurch gekennzeichnet, dass

das Polyamin Polyethylenimin-Pfropf-Polycaprolacton-Block-Polyethylenglycol (PEI-g-PCL-b-PEG oder PPP)
und/oder ein Biokonjugat aus Polyethylenimin, insbesondere Transferrin-konjugiertem Polyethylenimin (Tf-PEl),
und/oder Polyspermin ist.

Pulverzusammensetzung oder -mischung, die zumindest ein Pulver nach Anspruch 11 oder 12 als eine pharma-
zeutische Darreichungsform, besonders flr die pulmonale Verabreichung, umfasst.

Pulverzusammensetzung oder -mischung, die zumindest ein Pulver nach Anspruch 11 oder 12 umfasst, wobei die
siRNA beim Silencing der Ubersetzung der Messenger-RNA in Lungenerkrankungen verursachende Proteine aktiv
ist.

Revendications

1.

Procédé pour la production de poudre séche a haut rendement de pARNi bioactif encapsulé nano-dans-micro
[anglais : NIM : nano-in-micro], ledit procédé comprenant les étapes suivantes :

- prévoir une suspension aqueuse comprenant des polyplexes, notamment des complexes polyélectrolytiques,
formés d’au moins un polyamine et/ou un polyamide et/ou un polyester et un pARNi, dans lequel les polyplexes
sont pourvus d’excipients hydrosolubles, notamment d’eau hautement purifiée et/ou d’alcool de sucre et/ou de
sucre, et/ou encapsulés dans ceux-ci, ou prévoir une suspension aqueuse comprenant des nanoparticules
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lipidiques formées d’au moins un lipide cationique ionisable, un lipide auxiliaire, un lipide pégylé, un cholestérol
et un pARNi, dans lequel les nanoparticules lipidiques sont pourvues d’excipients hydrosolubles, notamment
d’eau hautement purifiée et/ou d’alcool de sucre et/ou de sucre, et/ou encapsulés dans ceux-ci ;

- sécher par pulvérisation la suspension aqueuse en utilisant un appareil de séchage par pulvérisation, de
préférence un Bichi B-290, en alimentant la suspension aqueuse a une buse d’atomisation de séchage par
pulvérisation et soumettant des gouttelettes atomisées a un courant gazeux chauffé d’un gaz porteur, de pré-
férence d’air séché et purifié, notamment a travers une buse d’atomisation a composants multiples pour la
suspension et un gaz d’atomisation ;

- recueillir une poudre séchée par pulvérisation dans un moyen d’accumulation de I'appareil de séchage par
pulvérisation

caractérisé en ce que

la température a proximité d’'une ouverture de sortie reliant une chambre de séchage par pulvérisation au moyen
d’accumulation est régulée pendant I'alimentation de la suspension aqueuse a la buse par des moyens de régulation
de température pour étre limitée a une température de seuil supérieure qui est égale ou inférieure a une température
de fusion du pARNi nu respectif de maniére que la poudre peut étre resuspendue dans de I'eau pour former des
polyplexes oudes suspensions de polyplexes ou des nanoparticules lipidiques ou des suspensions de nanoparticules
lipidiques qui ne varient pas plus de +/- 10 % de leur formulation initiale avant le séchage par pulvérisation en ce
qui concerne une taille, une polydispersité et un potential zéta.

Procédé selon la revendication 1,

caractérisé en ce que

la température de seuil supérieure est ajustée a 90°C, notamment 80°C, notamment pour une suspension aqueuse
comprenant des polyplexes.

Procédé selon la revendication 1,

caractérisé en ce que

la température de seuil supérieure est ajustée a 63°C, notamment 63+2°C, notamment pour une suspension
aqueuse comprenant des nanoparticules lipidiques.

Procédé selon les revendications 1 a 3,

caractérisé en ce que

le rapport massique du pARNi par rapport a un sucre et/ou un alcool de sucre estentre 0,001 % et 0,02 %, notamment
pour une suspension aqueuse comprenant des nanoparticules lipidiques.

Procédé selon la revendication 4,

caractérisé en ce que

du lactose est utilisé€ comme sucre ou utilisé avec un alcool de sucre,

notamment pour une suspension aqueuse comprenant des nanoparticules lipidiques.

Procédé selon les revendications 1 a 5,

caractérisé en ce que

la suspension aqueuse est alimentée a la buse a travers un matériau de tuyau de haute qualité, notamment un
matériau de tuyau a base de silicium de haute qualité, particuliérement Pumpsil®.

Procédé selon les revendications 1 a 6,

caractérisé par

une étape de séchage supplémentaire dans laquelle un gaz porteur est acheminé a travers I'appareil de séchage
par pulvérisation, particulierement la buse d’atomisation, sans étre mélangé avec une suspension aqueuse et
notamment pendant que la poudre séchée par pulvérisation a déja été transférée au moyen d’accumulation.

Procédé selon la revendication 7,

caractérisé en ce que

I'étape de séchage supplémentaire est effectuée en régulant la température a proximité de la buse de séchage par
pulvérisation par des moyens de régulation de température pour étre limitée a une température de seuil supérieure,
notamment une température de seuil supérieure de 90°C, notamment 80°C, pour une suspension agqueuse com-
prenant des polyplexes et/ou de 63°C pour une suspension aqueuse comprenant des nanoparticules lipidiques.
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Procédé selon la revendication 8,

caractérisé en ce que

I'étape de séchage supplémentaire est effectuée jusqu’a ce qu’une humidité résiduelle de la poudre séchée par
pulvérisation inférieure a 3 %, notamment inférieure a 2 %, soit atteinte.

Procédé selon les revendications 1 a 9,

caractérisé en ce que

du polyéthyleneimine-greffe-polycaprolactone-bloc-polyéthyléne glycol (PEI-g-PCL-b-PEG ou PPP) et/ou un bio-
conjugué de polyéthyléneimine, particulierement polyéthyléneimine conjugué a de la transferrine (Tf-PEI), et/ou de
la polyspermine est/sont utilisé(s) comme polyamine.

Poudre contenant du pARNI bioactif sous la forme de polyplexes, notamment des complexes polyélectrolytiques,
formés d’au moins un polyamine, un polyamide et/ou un polyester et un pARNi, ou sous la forme de nanoparticules
lipidiques formées d’au moins un lipide cationique ionisable, un lipide auxiliaire, un lipide pégylé, un cholestérol et
un pARNi, dans laquelle les polyplexes et/ou les nanoparticules lipidiques sont encapsulés dans des excipients
hydrosolubles, notamment du mannitol et/ou du tréhalose et/ou du lactose, avec une humidité résiduelle de moins
de 5 % et, de préférence, avec des diamétres aérodynamiques (DAMM) entre 0,5 et 10 wm, de préférence 1 et 5
wm, dans laquelle la poudre est produite conformément au procédé selon I'une quelconque des revendications 1a 10.
caractérisée en ce que

la poudre peut étre resuspendue dans de I'eau pour former des polyplexes ou des suspensions de polyplexes ou
des nanoparticules lipidiques ou des suspensions de nanoparticules lipidiques qui ne varient pas plus de +/- 10 %
de leur formulation initiale avant le séchage par pulvérisation en ce qui concerne une taille, une polydispersité et
un potential zéta.

Poudre selon la revendication 11,

caractérisée en ce que

la polyamine est du polyéthyléneimine-greffe-polycaprolactone-bloc-polyéthyléne glycol (PEI-g-PCL-b-PEG ou
PPP) et/ou un bioconjugué de polyéthyleneimine, notamment polyéthyléneimine conjugué a de la transferrine (Tf-
PEI), et/ou de la polyspermine.

Composition ou mélange de poudre comprenant au moins une poudre selon la revendication 11 ou 12 comme
forme posologique pharmaceutique, particulierement pour une administration pulmonaire.

Composition ou mélange de poudre comprenant au moins une poudre selon la revendication 11 ou 12, dans laquelle

le pARNi est actif dans la réduction au silence de la traduction de 'ARN messager en protéines qui provoquent des
maladies pulmonaires.
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